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PREFACE. 



In submitting the following pages to the notice of 
the engineering profession, I am conscious that I 
owe some apology for treating of a subject, which 
has already occupied the attention of so many 
competent authorities, as Eankine, Zeuner, and 
others, to whose works I am indebted for much in- 
formation. For my excuse I must appeal to the 
fact, with which most engineers are well acquainted, 
that in " getting out " the details of engine work the 
question of the valve gearing is frequently the one 
which presents the greatest difficulty to the designer. 
To meet this, many of our leading mathematicians 
have propounded definite formulae for determining 
the due proportionment of the various parts; but 
while these of course ultimately furnish the required 
results, they necessarily involve such abstruse and 
complicated mathematical calculations as to be of 
little or no assistance to the majority of those who 
most need to use them. To illustrate the truth of 
this statement^ we have but to take the very excellent 
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treatise on valve gears by Dr. Gustav Zenner. ' In 
this work we find enunciated formulaB for almost 
every description of valve gear, but a glance at its 
pages will show that these invariably involve an 
amount of mathematical knowledge which renders 
their general adoption impossible. It thus comes to 
pass that in actual practice we frequently find the 
" rule of thumb " to be the one exclusively resorted 
to, with a loss of much time and labour in construct- 
ing models and adjusting and readjusting their parts 
until the dimensions of the various details are 
approximately obtained, and even then it not un- 
frequently happens that where several engines of 
the same class have to be constructed, one is first 
completed in order that the valve gearing may be 
tested, and the drawings corrected accordingly, before 
the others are proceeded with. But there are many 
engines constructed without any such precautions 
being taken to secure even tolerable accuracy in 
their valve arrangements, and it is in the case of 
these that the best results may be looked for from 
the proper application of the rules which are dis- 
cussed in this volume. Nor is the question of the 
correct design of these details one of trifling impor- 
tance to the- users of steam power, for a defective 
arrangement, such as, upon inquiry, has been too 
often found to exist, will in many cases involve a 
loss of from ten to twenty per cent, in fuel and 
steam. It will thus be seen that this subject is one 
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of general interest, and demands more careful atten- 
tion than has hitherto been paid to it. 

My object in preparing the following problems 
las been to show that, starting with the application 
of the 31st Proposition of the 3rd Book of Euclid, 
to the subject of valve gearing, as first suggested 
by Professor Zeuner, it is possible to obtain certain 
geometrical constructions which, without involving a 
single mathematical calculation, or indeed any other 
operation that can be performed with a rule and 
compasses, will yet enable us to obtain results practi- 
cally as accurate as those deduced from mathematical 
formulae, but with this further advfintage, that what- 
ever errors may chance to occur in the construction 
must at once make themselves apparent. I have, 
moreover, endeavoured to show, step by step, how^ 
the results are deducible from the recognised prin- 
ciples of geometry, and at the same time given 
suflficient explanation of the mode of using the 
figures as to enable foremen and others to apply 
them in practice without stopping to investigate 
the means, by which they have been arrived at. In 
doing this, I have, as far as possible, avoided the use 
of mathematical language, substituting for it such 
ordinary terms as are understood in every drawing 
oflSce and workshop. It will- doubt! ess be observed 
I have more than once been compelled to state that 
many of these results are, after all, only approxi- 
mately, not. absolutely correct; but it will also be 
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easily understood that I have adopted this precautioa 
because in some valve combinations it is almost 
impossible to obtain either by geometry or mathe- 
matical calculation the exact movement of all the 
parts, on which the result depends. In practice, 
however, perfect mathematical accuracy is not re- 
quired, and the results obtained by the graphic 
method diflTer so very slightly from the actual truth 
as in mechanical construction to be altogether inap- 
preciable. 

The problems included in the following pages are 
applicable to all forms of slide-valve gearing, in 
which the motion is derived from eccentrics, as now 
generally adopted ; and by a further application of 
the system, figures for other combinations may be 
easily obtained. 

London^ July^ 1875. 
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The theorem, proved in the 3i8t Proposition of 
the 3rd Book of Euclid's Elements, and stated in the 
enunciation to be, that *^ in a circle the (mgle in a 
semicircle is a right angle ; hut the angle in a segment 
ffreater than a semicircle is less than a right angle; 
and the angle in a segment less than a semicircle is 
greater than a right angle/' is the basis upon which 
the system, applied in the following pages, is directly 
founded: and it is therefore so important, before 
proceeding to its application, to understand clearly 
the principle itseL^ as well as the reasoning, by which 
it has been deduced, as to justify a direct reference 
to this proposition, the proof of which is given by 
Euclid in the following words : — 

Let A B CD be a circle, of which J9 (7 is a diameter 
and E the centre ; and draw GA^ dividing the circle 
into the segments ABC, AD G, and join BA, AD, 
DC: the angle in the semicircle BAG shall be a 

B 
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right angle ; but the angle in the segment ABC^ 
which is greater than a semicircley shall be less 
than a right angle ; and the angle in the segment 
AD Of which is less than a semicircle, shall be 
greater than a right angle. 
Join A Ef and produce BAtoF. 
Then, because EA k equal to EB (Euc. L Defi- 
nition I S), the angle EAB is equal to the angle 

EBA (Euc. I. 5); 
and, because EA is 
equal to E (7, the 
angle EAGib equal 
to the angle EC A; 
therefore the whole 
angle BACxb equal 
to the two angles, 
A B C, A C B 
(Axiom 2). 

But J'ilO, the ex- 
terior angleof the tri- 
angle ABCy is equal 
to the two angles 
ABG.ACB (Euc. I. 32) ; therefore the angle BAG 
is equal to the angle F AC (Axiom i), and there- 
fore each of them is a right angle (Euc. I. Defini- 
tion 10). 

Therefore the angle in a semicircle BAGi&^ 
right angle. 
And because the two angles AB G^BAC, oi the 
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tricmgle ABG, are together less than two right 
angles (Euc. I. 17), and that B AC has been shown 
to be a right angle, therefore the angle ABC is less 
than a right angle. 

Therefore the angle in a segment AB C, greater 
than a semicircle, is less than a right angle. 

And because ABCD is a quadrilateral figure in 
a circle, any two of its opposite angles are together 
equal to two right angles (Euc. III. 22) ; therefore 
the angles AB 0, ADC are together equal to two 
right angles. 

But the angle ABC has been shown to be less 
than a right angle; therefore the angle ADC is 
greater than a right 
angle. 

» Therefore the angle 
in a segment ADC, 
less than a semicircle, 
is greater than a right 
angle. 

Wherefore, the angle^ 
&c. Q.E.D. 

For our present pur- 
pose, however, the prin-' 
ciple may be enunciated 
as follows : — 

If from either end B or 0, (Fig. 1), of the dia- 
meter BC of the circle AB C^a, straight line B F 
be drawn cutting the circumference in any point -4, 

B 2 
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and from the other end, (7, of the diameter a straight 
line, CAjhe drawn perpendicular to the line B F, 
then this perpendicular G A will cut the line JB F 
in the same point, A, in which this line B F cuts, 
or is cut by, the circumference of the circle ABC: 
and therefore, without drawing the perpendicular 
(7-4, we know that it would, if drawn, cut the line 
BF in that point. A, in which this same line B F 
cuts, or is cut by, the circle ABC; and it is the part 
BAot this line, BF, which falls within the circum- 
ference of the circle ABC (and termed the r(idim 
vector), which we shall have occasion to make use 
of, hereafter, as representing the centre line of the 
crank, the point A coinciding with the centre of 
the crank-shaft. 

We will next proceed to explain the backward 
and forward motion of the slide-valve, as the eccentric 
sheave revolves with the crank-shaft. 

Let the line CD (Fig. 2) represent the full travel 
of the valve, and the point A the middle point of that 
line, and hence, relatively, the central position of the 
valve, so that the valve slides an equal distance on 
each side of the point A : then A C and A D are each 
equal to half the travel of the valve. Upon CD as 9k 
diameter describe a circle, CBD^ot which the point 
A will of course be the centre. Now as the throw 
of an eccentric sheave is equal to half the travel of 
the valve it drives, AC or AD represents the throw 
of the eccentric sheave which will cause the valve to 
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travel a cUstanoe equal to CAandthepointB CandD 
will represent, alternately, the centre of the sheave, 
as the valve ar- 
rives at one ex- B 
treme end of its 
stroke or the 
other. DrawiljB 
perpendicnlar to 
CD. Then the 
point B will re- 
present the cen- 
tre of the eccen- 
tric sheave when 
the valve is in 
the middle of its 
travel, for the 
theoretical deviation from this point, caused by the 
angular motion of the eccentric rod, is really so 
small as to be, in practice, imperceptible, and may 
therefore be disregarded thronghont. If we suppose 
that the crank-shaft turns round, moving the centre 
of the sheave from B to F; then, since the line A B 
is a perpendicular drawn through the middle position 
of the valve, the distance the centre of the eccentrie 
sheave moves from this hue is the same as the dis- 
tance the valve moves from its middle position, and 
therefore the line Jlf^ drawn from f'perpendicular to 
A B represents the distance the valve has moved from 
its central position A towards D, whilst the centre of 
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the eccentric sheave has moved from B to F. Frooi 
this point F drop a perpendicular FP on to CD, 
cutting CD in. the point P. Then since B A is also 
perpendicular to C J5, FP is parallel toBA, and A P 
is equal to MF; therefore AP also represents the 
distance the valve has travelled from its central posi- 
tion A towards D, whilst the centre of the eccentric 
sheave has moved from BtoF; and if we consider the 
line A F, which represents the throw of the eccentric 
sheave^ to represent also the diameter of a circle, 
through one end A of which the line AD ia drawn ; 
then the circumference of this circle will, as we have 
already shown, cut the line AD in the same point, in 
which it would be cut by a perpendicular dropped 
upon it from the point F, which is the odier 
end of the diameter A F, and at the same time the 
centre of the eccentric sheave. Upon this line 
AFyB^ A diameter, describe the circle A MFP which 
will cut the line A Din the point P, where the per- 
pendicular dropped jfrom the point F upon the line 
A D also cuts it, and the line A P, representing the 
distance the valve has travelled from its central po- 
sition A towards D, whilst the centre of the sheave 
has been moved from B ix> F, is also that portion of 
the line A D, which falls within the circumference of 
the circle, and is therefore the raditis vector, as we 
have aheady explained. Hence it will be seen, that 
a circle having for its diameter a line, which repre- 
sents the throw and angular position of the eccentric 
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sheave, demonstrates, by means of the radiw vector, 
drawn parallel to the. virtual direction of motion of 
the valve, the exact distance that the valve has tra- 
velled from its central position for that particular 
angular advance of the eccentric sheave ; and if the 
centre of the sheave is caused to advance beyond the 
point Ff say for instance to the point E (the valve 
circle, AMFP, being supposed to advance with it), 
it vnll be seen that the radms vector increases in length 
exactly as the distance between J^, the centre of the 
eccentric sheave, and the line BA increases; until, 
virhen the centre of the sheave reaches the point E, 
the radius vector shows that the valve has travelled 

from its central 

position A towards 

D, a distance, A Q^ 

equal to NE. 
Now, as it would 

be most inconve- 
nient to cause the 

centre line, A B 

(Fig. 3), of the 

sheave, with the 

valve circle ABL 

upon it, to advance 

about the centre A, 

towards D, we cause, instead, the line A D to 

advance about the same centre and through the 

same angular distance, as the centre line, A By 
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of the sheave is supposed to adyance, but in the 
opposite direction, that is, towards B ; for instance, if 
instead of causing the centre line, A B, of the sheave 
to advance about the point A to the position as 
shown 8kt AF (Fig. 2), taking with it the valve 
circle, A MFPy of which it is the diameter, we canse 
the line, A D (Fig. 3), to advance about the same 
point A, and through an angular distance equal 
to BF (Fig. 2), but towards AB (Fig. 3), for ex- 
ample to AXy that is in a direction ' opposite to 
that, in which the centre line, A B, of the eccentric 
sheave is supposed to be advancing, we obtain the 
same result; for, whether the centre line of the 
sheave advances, with the valve-circle upon it, to- 
wards A D, or whether the line A D advances in the 
opposite direction towards the centre line, A B, of 
the sheave, while the sheave itself remains still, it 
matters not, as in either case, provided the angles 
of advance are equal, the circumference, A LB, of the 
valve-circle will be intersected in the same poiot i, 
in the first case by the line A D (Fig. 2), and in the 
second by the line A X (Fig. 3), and the line A L 
will be the radius vector and represent the distance 
the valve has travelled from its central position A 
towards D for an angular motion of the eccentric 
sheave equal to BF (Fig. 2). 

The relation which exists between the motion 
of the crank and the motion of the slide-valve 
must now be considered. In the first place, th^ 
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sheave is of course firmly keyed to the crankHshaft 

and consequently reyolves with the crank ; so that, 

supposing the centre of the crank to be in the 

direction A C (Fig. 2) when the centre of the sheave 

is in the direction A B, then in order to advance the 

sheave through the angular distance BF^ the crank 

must be advanced through an angular distance 

equal to BF; and we have already shown that to 

ascertain the amount the valve travels from its 

central position, for any angular advance of the 

sheave, it is only necessary to cause the line AD to 

advance towards A B (the centre line of the sheave), 

through the same angular distance, as the sheave is 

supposed to advance, but in an opposite direction. 

And here we must explain that when we speak of a 

line advancing towards another line, we merely use 

the expression to indicate the direction, in which any 

such line is supposed to advance, and not in any 

way to limit its advance, thus when we say ii D is to 

advance towards A B, we do not mean to imply that 

A D may not pass A B, if necessary, but that AD 

shall advance in that direction in which AB is 

with reference to AD before AD commences to 

advance. 

We have already shown that the crank must 
advance through the same angular distance as the 
sheave ; therefore, in order to ascertain the distance 
the valve has travelled from its central position 
for any angular advance of the crank, we have only. 
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to make use of the same system as we adopted 
for the advance of the sheave^ and cause tiie line 
AD to advance through an angular distance towards 
A B, equal to that through which the crank, A G, 
is supposed to advance in the opposite direction; 
for instance, the crank, A C (Fig. 3), is supposed to 
advance through the angular distance CH, and we 
require to know the distance the valve is from its 
centre of motion for the position, HA, of the crank, 
and to simplify the matter we assume, for the pre- 
sent, that the valve is at its central position, when 
the crank is at either of its dead points AC or AD, 
We now cause the line AD to advance towards 
A By through an angular distance D X, equal to CH, 
when the radiw vector , A L, on the line A X gives us 
at once the distance the valve has travelled from its 
centre of motion towards D for the position HA of 
the crank ; we have only, therefore, to place the 
line AX at the same angle relative to its horizontal 
position AD, as the given position of the crank 
occupies relative to its position, AG, at the dead 
point Gy in order to at once ascertain, by means of 
the radifis vector on the line AX, the distance the 
valve is from its centre of motion, for that position 
of the crank whatever it may be, and whether the 
sheave is so placed that, when the crank is at either 
of its dead points, the valve is in its central position 
(Fig. 3), or some distance, such as -4 P (Fig. 2), from 
the same. 
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We will next proceed to point out the application of 
the system to a simple valve gear. Draw the line G D 
(Fig. 4)y representing the direction of the travel of the 
end of the eccentric rod farthest from the sheave, and 
it is in this line that the point Ay the centre of the crank- 
sbafty will lie. Draw BG dA, right angles to, and in- 
tersectiDg, CD in any point Ay and let GA represent 




the centre-line of the crank when at the dead point 
G. Draw A E equal to the throw of the eccentric 
sheave, and with the same angular advance with 
regard to GA as the eccentric sheave really has 
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with regard to the centre line of the crank. Upon 
AE as a, diameter describe a circle, which will be 
what is termed the primary valve circle, because 
AE represents the actual throw of the eccentric 
sheave, and its position with regard to the crank. 
The secondary valve circle is that described touching 
the primary valve circle at the point A, and having 
its diameter equal to, and in continuation of, the 
diameter A E. Next, from the centre Ay and with 
the radius AE, describe the circle E DEC, and from 
the same centre, with a radius equal to the outside 
lap of the valve, describe the circle VQT^ which is 
termed the lap^rcle. Kow in the position, in which 
we have assumed the eccentric sheave to be, relative 
to the crank, this latter would really revolve in the 
direction of the dotted arrow ; but, for the purposes of 
our diagram we may, as we have already explained, 
assume that the line AD is the centre line of the 
crank, and cause it to revolve about the point A, 
through the same angular distance as the real 
centre line of the crank is supposed, in each case, 
to advance, but in the direction of the dark arrow, 
that is, in a direction opposite to that in which the 
crank is really advancing. At the commencement 
of the stroke the crank will thus be in the position 
CA; but assuming it to be in the direction AD, 
E VL being the valve-circle, the radius vector, A L, 
on the line, A D shows us at once the distance the 
valve is to the right of its central position A, that is. 



DESIONINO TALVE QSABIKO. 



13 



towards 1). ■ Now, as J Q (^ig- ^) represents the lap 
of the valve, and the line A Q (Fig. 4) is a radiiu of 
tJie lap-circle VQT, vbose radins was origiDally 
made equal to the lap of the valve, therefore the 
line A Q (Fig. 4) also represents the lap of the valve, 
and as the valve has moved a distance ALto the 
right of its central position, when the crank is really 




at its dead point CA, and does not commence to open 
the port nntil it has moved a dist^ice equal to the 
lap A Q, therefore in moving from its cenl^ position 
^ to £, it moves a distance A Q, before beginning to 
open the port, which it commences to do when it 
reaches the point Q, opening it a distance equal 
to QL, 80 that when the crank is at the beginning of 
its stroke, viz. in the position GA, the port is already 
open an amooDt equal to QL, and the amount 
that the valve is open, when the crank is on its 
dead point, is termed its lead. In the same manner 
it may be ascertained how mudi the port at the 
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other end of the cylinder is opened into the ex- ! 
haust, while the crank is in this position AC; to I 
do this it is only necessary with the point A aa I 
centre and with a radius eqnal to the inside lap of 
the yalve to describe a circle in the place of the 
outgide lap-circle, VQT. We have already shown 
that when the crank is at the commencement of its 
stroke the valve is open an amount equal to QL, and 
we have assumed, for the purposes of our diagram, 
that A D represents this position of the crank ; we 
have also shown that the valve has to move an 
amount equal to AQ before it commences to open 
the port, and in order, therefore, to find that position 
of the crank, at which the pQrt just commences to 
open, it is only necessary to bear in mind that it 
must be such a position as will give a raditta vector 
on the assumed centre line of the crank equal to 
AQ. Now the lap-circle, VQT, and the valve- 
circle, E VL, intersect in the point B, and the radius 
ABiB o{ course equal to the radius' il Q, and hence 
to the lap of the valve, and AB is the radius vector 
on the line AK^ which radius vector also repre- 
sents the amount the valve has moved when the 
port just commences to open, hence it follows that 
AK is the assumed position of the crank when the 
valve commences to open the port, its real position 
being A X, for, as we have already explained, the 
assumed position of the crank is at the same angular 
distance from AB, as the real position is from GA^ 
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tit set off as reyolving in an opposite direction: 
t to simplify matters, let it be understood for the 
Isture, that when we speak of the position of the 
erank we mean, in aU cases, its asmmed position, 
unless in any particular case we distinctly state that 
it is its real position to which we are alluding. Con- 
tinuing therefore our investigation of the yalve 
diagram (Fig. 4) we have already shown that the 
valve commences to open the port when the crank is 
in the position AK, we can in like manner show 
that the valve just closes the port when the centre 
line of the crank reaches the position A P, and passes 
through the point in which the valve and lap circles 
again intersect, for the radius veetoTy VA^ib then 
exactly equal to the lap of the valve, and represents, 
of course, the amount the valve has to travel before 
it reaches its central position, in the same way as 
when the crank was in the position A K, the valve 
had travelled from its cenibral position an amount, 
A JB, also equal to its lap, and was just about to begin 
to open the port ; if we now take an intermediate 
position of the crank, equidistant from AK and AP, 
we shall find that at this position of the crank the 
port will be open its greatest amount EZ, and that 
such position of the crank will exactly coincide with 
A Ef the diameter of the primary valve-circle. We 
have hitherto treated of the valve as only moving to 
the right of its central position, we will therefore 
now proceed to examine its movements to the left of 
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that position, and in order to do this we have only 
to continue the line EA till it again meets the cir- 
comference of the circle, EDFC, in the point F, 
then A F will be equal to EA, and upon J. jP as a 
diameter we describe the circle FTW, which will 
be what is termed the seeandary yalYe-cirde, and it 
will touch the primary valve-cirde, E VL, at the 
point A. Now when the assumed centre line of the 
crank cuts the primary yalye-circle it demonstrates 
that the Yalye itself is either on the right or left 
of its central position according as the original 
position of the assumed centre line of the crank, 
before the stroke commences, is at the dead point 
on the right or leift of the centre line BG; for 
instance, if the real position of the crank, with 
reference to the real position of the sheaye were at 
the dead point A C (Fig. 4), then the original position 
of the assumed centre line of the crank would be at 
the dead point on the right of B G, yiz., at A D, and 
vice vers&y but now, supposing it to be at il 2), should 
the (assumed) centre line of the crank intersect the 
primary Yalve-circle E V L, it would demonstrate 
that the Yslve was to the right of its central position, 
and if it intersected the secondary Yalve-circle it 
would show that the Yalve was to the left of such 
position, its distance from its central position in 
either case being shown by the length of the 
racUns vector on the centre line of the crank, in 
whatever position it may be at that moment. Froni 



DESIGNING VALVE GEABING. 17 

;lie foregoing, it is quite clear that the valve must 
be at its central position, when the centre line of 
the crank is midway between the two valve-circles 
E VL and FTW, that is in the direction ^IT or 
A J, at right angles to the line, EF, containing the 
diameters of the two yalve-circles ; so that, in order 
to find the position of the crank at which the valve 
is in its central position it is only necessary to draw 
a line^ HI, at right angles to the line EF, and inter- 
secting it in the point A. And in order to ascertain 
the amount the port is open for any given position of 
tlie crank, we have only to consider that the valve has 
to travel an amount equal to the radius of the lap- 
circle before it commences to open the port, hence 
we have to deduct this amount from the length of 
the rcidius vedor for any such position of the crank, 
and the length that remains of the radius vector 
represents the amount that the port is open, and is 
that portion of the radius vector lying between the 
circumference of the lap-circle and the circumference 
of the valve-circle, thus when the crank is in the 
position A B (Tig. 4), ^ Y is the radius vector and 
represents the amount that the valve is to the right 
of its central position, but it had to travel an amount 
equal to AS before it began to open the port, and 
therefore 8 T, the length that remains of the radius 
vector after deducting an amount, A 8, equal to the 
radius of the lap-circle VQT, represents Ae amount 
that the port is actually open for the position, A B, of 
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the crank. Having now investigated the general 
principles, upon which this yalye systeni is based, 
we will proceed to show how the proportions of the 
various parts of a valve gear, and the relative 
movements of the same can be at once determined. 
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PROBLEM L 

The ihrow of the eccentric sheave^ the external lap of the 
valvBy and the amount of lead required^ being hnoum; 
to find the poeition of the crank when the steam m cut off, 
and the position of the sheave relative to the centre line of 
the crank. 

Draw the lines CD,B G (Fig. 6) perpendicular to 
each other, and intersecting in the point A, With 
this point as a centre, and with a radius A Q, equal to 
the lap of the valve, describe the lap-circle VQT; 
and from the same centre, with a radius equal to 
the throw of the eccentric sheave, describe the circle 
B DMG. From the point Q on the line A D, set off 
Q L equal to the required lead ; and at the point 
L erect the perpendicular L 0, cutting the circle 
B DM0 in the point E. Join EA and produce it 
till it again cuts the circle B DMG in a, point F. 
Upon EA and ^ 1^ as diameters describe the valve* 
circles ELV and FWT, these will be the primary 

o 2 
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and secondary valve-circles respectively, and A E, the 
diameter of the primary valve-circle, will represent 
the centre line of the sheave, when the real position 
of the crank is represented by the line CA, the 




angle BAE is therefore the angle of advance, and 
the line A P, drawn through the point of intersection, 
F, of the lap and valve circles, represents the (as- 
sumed) position of the crank at the moment the 
steam is cut off, the real position of the crank being. 
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at tlietf moment, at the same angular distance from 
O tliett the assumed position is from D ; but is set 
off, a3 we have previously explained, as revolving in 
the opposite direction. The line A JP, which is the 
diameter of the secondary valve-circle, would re- 
present the centre line of the sheave, if the real 
position of the crank were represented by the line 
A, jD, in both cases of course the crank and eccentric 
sheave would be revolving in the opposite direction 
to the arrows in the diagram. Betuming, however, 
to the method of applying the diagram, ^ D is the 
(assumed) position of the crank, when A E represents 
the centre line of the eccentric sheave, this crank 
revolving in the direction indicated by the arrows, it 
heing at the same time assumed that the sheave 
itself does not revolve, but remains with its centre 
line in the direction A E, the line HI represents the 
position of the crank, either in the direction AH or 
A J, when the valve occupies its central position. We 
will now suppose our crank to be in the position A I, 
and as it revolves in the direction indicated by the 
arrows as soon as it begins to move from the position 
Alii will be intersected by the primary valve-circle, 
that portion of the centre line of the crank, measured 
from the point A to the point of such intersection, 
being the radius vector of the primary valve-circle, 
shews the amount the valve has moved to the right 
of its central position, because the original position 
of the assumed centre line of the crank is on the 
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right of B Oy and deducting from this radios yector 
that portion which falls within, and forms a radius of 
the lap-circle F Q T, the remainder, if any, giyes us, 
as we have already shewn, the amount that the 
valve has actually opened the port, for any particular 
position of the crank. We will next suppose that 
the crank has reached the position AKy ^ iZ is now | 
the radius vector, demonstrating that the valve has I 
moved an amount equal to ^ JS, to the right of its 
central position, but AB ]& also a radius of the lap- 
circle, and is equal to the other radius, A Q, of the 
same circle, and A Q was made equal to the lap of 
the .valve, therefore ^ JS is also equal to the lap of 
the valve. Now, it is jevident that the valve must 
have travelled an amount equal to ^1 Q or ^ JS equal 
\x> AB (Fig. 7), when it commences to open the 
port, and as we have abeady shewn that when the 
crank is in the position A K (Fig. 6) the valve has 
then travelled this amount, it is clear that il £^ re- 
presents that position of the crank at which the valve 
just commences to open the port and admit steam 
into the cylinder. We will next suppose the crank to 
have reached the position AD, AL will now be the 
radius vector, deducting from this the radius AQoi 
the lap-circle, or what is the same thing, only taking 
into consideration that portion of the radius vector, 
which lies between the circumference of the lap- 
circle, and the circumference of the valve-circle, we 
have Q L representing the amount that the valve 
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lias actually opened the port for the position AD ot 
the cranky and as in this position the crank is at one 
of its dead points^ the amount that the port is now 
open, is termed the lead of the valve, and in con- 
structing our diagram (Pig. 6) we made Q L equal 
to the lead that was given. Following the crank as 
it revolves, we find that when it has reached the 
position A X the port is open an amount equal to ZZJ, 
and when in the position A E the port is open an 
amount equal to ZEy which is its greatest opening, 
for as the crank moves heyond* this position, the 
radius vector becomes less, and the valve commences 
to close the port again, thus when the crank has 
reached the position A JB, the port is only open an 
amount equal to 8 e, and in the position A P the 
radius vector, A F, of the valve-circle is again only 
equal to the radius of the lap-circle, in this position, 
therefore, of the crank, the valve has just closed the 
port, hence AP ia that position of the crank, at 
which the admission of steam to the cylinder ceases 
and expansion begins, and when the crank has 
reached A J?, the valve is again in its central position, 
and as the crank passes from J? to J, intersecting the 
secondary valve-circle, the valve opens and closes 
the port at the right-hand end of the cylinder, in the 
same way and in the same relative positions of the 
crank, as it did at the left-hand end, whilst the crank 
was intersecting the primtoy valve-circle. In pre- 
cisely the same manner, by making the lap-circle 
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VQT with a radius equal to the inside lap of the 
valve, the opening and closing of the port, on the 
exhaust side of the valve, can be ascertained, only it 
must be borne in mind, that when the valve moves 
to the right of its central position, the port at the 
right-hand end of the cylinder is opening into the 
exhaust, while at the same time the port at the left- 
hand end of the cylinder is opening into the steam 
chest to admit steam into that end of the cylinder, 
and vice versa. Now, supposing that it is required that 
the exhaust shall open when the crank reaches the 
position represented by the line A a (Fig. 6), let this 
line intersect the secondary valve-circle in the point 
hy then from the centre A, and with radius A h, describe 
the circle led; this will be the inside lap-circle, and 
its radius will represent the inside lap of the valve. 
If we examine this. part of our diagram further, we 
shall find that the exhaust again closes at the position 
Af of the crank, at this point therefore compression 
begins. 

Application of the Diagram. 

We will next proceed to show how the diagram is 
applied to designing the slide-valve and port-feces. 
In the horizontal line, Z Y (Fig. 7), take any point X, 
and set oS XA equal to AE (Fig. 6), representing 
the travel" of the valve from its central position 
towards X, the point A (Fig. 7) will now represent 
the end of the valve. This diagram (Fig. 7) is 
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Irawn, however, to a smaller scale than the previous 
one (Fig. 6). From A set off -4 jB equal to ii Q 
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(Fig. 6), this will represent the outside lap. From 
B (Fig. 7) set off S (7 equal to ^^ (Fig. 6), this will 
be the length of one steam-port measured in the 
direction of the motion of the valve. From C (Fig. 
7) set off CD equal to Ah (Fig. 6), this will repre- 
sent the inside lap of the valve. From C (Fig. 7) 
also set off CE, the length of the bar dividing the 
steam from the exhaust-port; this may be of any 
convenient length, provided it is of sufficient strength 
to resist the pressure of the steam, and give a fair 
bearing surface. In the present case we wiU make 
it equal to half B C, that is, equal to half the length 
of the port. From D set oSDF equal toAE (Fig. 
6), the travel of the valve, and from F (Fig. 7) set 
oS FG equal to BC, the length of the steam-port, 
E will now represent the length of the exhaust- 
port: and to complete our valve and port-faces, we 
have only to make the bar G J equal to CE^ and set 
back the inside lap IE equal to CD, and from the 
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point J to set off the second steam-port U^ equal iol 
the steam-port B C, and the external lap JK eapsi} 
to the external lap AB^ and the sliding-fiace KY^ 
eqnal to the sliding-face XA^ our yalve and port- 
faces are then completed. 
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PROBLEM 11. 

The throw of the eccentric sheave^ the position of the crank, 
when the steam is cut off, and the amount of lead required, 
heing known ; to find the proper lap of the valve, and 
the position of the sheave relative to the centre line of the 
cranks 

This problem is one that is frequently met with in 
prsuitice, tod the following will be found to be a very 
simple method of solving it. Draw the lines B and 
C D (Fig. 8) perpendicular to each other, and inter- 
secting at the point A ; with this point as a centre, and 
with a radius equal to the given throw of the eccentric 
sheave, describe the circle BDOC. Draw AP to 
represent the given position of the crank when the 
steam is to be cut oflF, this representative position, A P, 
of the crank in the diagram (see p. 10) being drawn 
at the same angular distance from il D as the given 
position of the crank itself, when the valve closes the 
port, is from its real position at the commencement 
of that stroke of the piston. We next take as a 
centre the point D, at which the line A D intersects 
the circle BDOC, and with a radius equal to the 
given lead of the valve, we describe the circle HT, 
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which we shall henceforth term the lead^rde^ the 
from the point P draw a straight line touching 
lead-circle at the point H, and cutting the circl 
BDGG in the point K. Join A K, and fiom 
centre A describe a cirde, VZB, touching the 
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PZ" at the point Z, this circle, YZJi^ will be the lap- 
circle. From P and K^ as centres, describe arcs inters 
secting at the point 0. Join A 0, cutting the circle, 
SDOCy in the point E, then A will be at right 
angles to P JT, and A E will be the real position of 
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centre line of the eccentxic sheaye when AC 

resents the real position of the crank, upon A E 

\ diameter describe the valve-circle JSLF, which 

1 cut the lap-circle in the points B and Vy in which 

ints it is already intersected by the lines A P and 

K. IThen AE ia the position of the crank when 

e valve just commences to open the port, and Q L 

equal to D T, the radius of the lead-circle, which 

as originally made equal to the given lead, there- 

>re the amount of lead, Q L, is equal to the given 

mount of lead. It is also clear that the valve has . 

ast closed the port in the given position, A P, of the 

rank, at which it was required that the steam 

liould be cut off, and the radius of the lap-circle, 

V Z R, represents the amount of lap that the valve 
3uglit to have, in order that the various given re- 
quirements may be fulfilled. 

As it may not be quite evident to everyone, at 
first sight, why i^ is that QXr, representing the 
amount of lead of the valve, should be exactly 
equal to the radius of the circle, TjBT, which we 
have termed the leadrcirde, and the use of which 
is now introduced for the first time, we will pro- 
ceed to show how this equality between QL and 
the radius of this circle exists. Join EB and 
EL (Fig. 8), which will be perpendicular to AK 
andilD respectively (Euclid III. 31). Draw DF 

V parallel to KZ. Join DjBT, which will of course be 
equal to FZ. Then in the triangles EAB,KAZ, 
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we have EA equal U) AK, and the angle EAK 
common to the two triangles^ and the angle EBA 
equal to the angle EZA, both being right angles^ . 
therefore the triangles EAB and EAZs^ie in every 
respect equal to each other^ and the side AZ is 
equal to the side AB. Again, in the triangles 
EALy DAFy we have EA equal to -42), and the 
angle EAB common to the two triangles, and the 
angle EL A equal to the angle BFAy both being 
right angles, therefore the triangles EAL and BAF 
are in every respect equal to each other, and the 
side FA is equal to the side AL; but ZA has been 
proved to be equal to A B, and AQis equal to AB, 
being a radius of the same circle VZB, therefore 
AZia also equal io AQ, and these form parts of the 
equal lines AF and AL, therefore the remaining 
parts ZF and QL of these lines are equal to each 
other, but Q L represents the amount of lead of the 
valve, therefore FZ also represents this lead, and 
FZ has been shown to be equal to BH, therefore 
Q Zr is also equal to B H, which is a radius of the 
lead-circle, and made equal to the given amount of 
lead, therefore the lead QZr is equal to the given 
amount of lead. 
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PROBLEM m. 

The amownt thai the port is to he open for any particular 
position of the cranky the position of the crank itself when 
the steam is cut off, and the amount of lead being knoum ; 
to find the lap of the valvCj the throw of the eccentric 
sheave, and its position with regard to the centre line of 
the cranh 

This proble.m, and the next, which is a modifi- 
cation of it, are certainly by far the most important 
problems in conjunction with simple valve gearing, 
and they are at the same time about the most diffi- 
cult to' solve by calculation. The author has ar- 
ranged the following very easy graphical method of 
solving them, by means of which results are obtained, 
which are absolutely correct, excepting only as far 
as the theoretical deviation, due to the angular motion 
of the eccentric rod, is concerned, and which deviation, 
as we have already mentioned, is perfectly inappre- 
ciable in practice. 

Draw A B (Fig. 9) to represent the amount the 
port is to be open at the given position of the crank, 
and make AG to represent the required amount of 
lead. From the point G draw (7J5 to represent the 
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position of the crank at which the steam is to be ci 
off from the cylinder. Draw CE at right angles 
CD and AF at right angles to AB, intersecl 
the line CE in the point G; setoS GE equal to GF^i 




and with the points E and F as centres and with 
equal radii describe arcs intersecting at the point JT. 
Join liG. From the point G draw CI to represent 
the position of the crank at which it is required that 
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le port shall be open the given amount A B. Draw 
'J at right angles to J, and from the point B draw 
i K perpendicular to -4 J5, intersecting the line GJ 
a the point L. Set oS LE equal to LC, and with 
he points K and C as centres and with equal radii 
Lescribe arcs intersecting at the point -If. Through 
he points M and L draw a straight line intersect- 
ing the line G H in the point N; then this point N 
will represent the centre of revolution of the eccentric 
sheave, that is the centre of the crank-shaft, and the 
point C will represent the centre of the sheave itself. 
Join NG, which will be the diameter of the primary 
valve-circle, and represent the throw of the eccentric 
sheave and its position relative to the real position 
XN of the crank. Upon this diameter describe the 
primary valve-circle GQN, and from the centre N 
describe the circle OTV, touching the lines GE 
and GF, this will be the lap-circle, and will re- 
present by its radius the required lap of the valve. 
Again from the centre N, and with radius NG, de- 
scribe the circle GEX, and from the point N draw 
iVB, passing through the point of intersection of 
the lap and valve circles, and N8, passing through 
the point P, where the valve-circle cuts the line GJ. 
Then draw N U parallel toAB. It will now be quite 
clear that, in the position N8 of the crank, the port 
will be open an amount TP, and this position re- 
presents the given position OJ, because NSis par- 
allel to J, both being at right angles to CcT*, and th© 

D 
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amount of opening, TP, can easily be shewn to be 
equal to VW, which is again equal toAB, the gi^en 
amount. It will also be seen that the port is jast 
closed and the steam cut off from the cylinder when 
the crank reaches the position NB, which represents 
the giren position CD, because NR is parallel to 
CD, both being at right angles to CE. Again the 
port is opened an amount V Q, when the piston com- 
mences its stroke and the crank is at the dead-point 
JV 17; this amount is therefore the lead, and it is equal 
to ^ the given amount of lead, for if we join CQ, 
this line OQ will be perpendicular to j^Q (Euclid 
III. 31), but AV 19 perpendicular to NQ, therefore 
CQ will be parallel to il F, and VQ being drawn 
parallel to AG, must also be equal to it. 

To find the point N, it is only necessary to bear in 
mind that it is that point in the line OH, which is 
equidistant from the line CJ and the perpendicular 
B K, and in practice it may easily be found by trial 
with a pair of compasses. 

In cases in which TP represents the whole length 
of the port in the steam chest (measured of course 
in the direction of motion of the valve), from the 
centre N and with radius NP describe an arc cutting 
the valve-circle in the points P and a respectively 
and the line NO in the point Y (this arc does not 
necessarily pass through the point O), then, as 
we see from the diagram, when the crank is in 
the position N8, the valve is at a distance NP 
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rom its central position, and the port is open an 

mount TJP, which we have assumed to be its full 

•pening, but when the crank reaches the position 

VCy coinciding with the diameter of the valve-circle 

J P N, then the valve will be at a distance NG from 

its central position, but as the port is full open when 

the valve is at a distance, N F, equal to NP from its 

central position, it is clear that in the position, iVC, 

of the crank the valve has not only opened the port 

fully, but has passed a distance, YG, beyond its 

edge, so that it has to return through this distance 

before it can commence to close the port, and 

we find that when the crank reaches the position 

NZ, passing through a, the point of intersection of 

the arc PYa and the valve-circle CPN, then the 

valve has returned towards its central position this 

amount YG, and is just about to commence the 

closing of the port; from the foregoing it is clear that 

xmder these circumstan(ies the port remains open its 

full amount during the whole time that the crank is 

travelling from the position N8 to the position NZ. 



i» 2 
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PEOBLEM IV. 

Hie greatest amount thai the port is to he opened, the 
position of the cran^ when the steam is to he cut off from 
the cylinder^ and the amount of lead heing given ; to find 
the lap of the vaJve, the throw of the eccentric sheame^ aaad 
its position relative to the centre line of the cranh 

Draw AB (Fig. 10) to represent the greatest 
amount that the port is to be opened, and set off 
AG to represent the amount of lead required. From 
the point C draw CD to represent the position of 
the crank at which the steam is to be cut off from 
the cylinder. Draw CE at right angles to CD, and 
il 1^ at right angles to AB and intersecting the line 
CE in the point G. Through the point B draw HI 
parallel to AF, set oS OE equal to OF, and with 
the points E and F as centres, and with equal radii, 
describe ares intersecting at a point J. Join J G, and 
produce it till it intersects the line HI in a point E, 
Join E C. With the point G as centre describe an 
arc touching the line HI and intersecting the line 
KG in the point L. Join L G, and from the point 
G draw CM parallel to LG and cutting the line G J 
in tne point M. Then this point M will represent 
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he centre of revolation of the eccentric sheave, that 
s the centre of the craiik-s)iaft, and the point will 




Fvjf, 10, 
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represent the centre of the sheave itself, and the line 
MC will be the diameter of the primary valve^ircle, 
and will represent the throw of the eccentric sheaie 
and its position relative to the real position, TM, of 
the crank. Upon this diameter describe the primary 
valve-circle CBM, and from the centre, Jkf, describe 
the circle N8 Q, touching the lines O E and GF; this 
will be the lap-circle, and will represent by its radius 
the required lap of the valve. Again, with the centre 
M and with radius M C describe the circle CP T, and 
from the point M draw Jf 0, passing through the point 
of intersection N of the lap and valve circles, and 
draw MP parallel to AB. It will now be quite 
clear that the greatest opening of the port will be 
an amount equal to SC, and this, as can readily be 
seen, is equal to Q P, which is again equal to A By the 
given amount. It will also be seen that the port is 
just closed and the steam cut oflF from the cylinder 
when the crank reaches the position M 0, which re- 
presents the given position CD, because MO is 
parallel to CD, both being at right angles to CE. 
Again the port is opened an amount Q B when the 
piston commences its stroke, and the crank is at the 
dead-point MP, this amount is therefore the lead, 
and it is equal to AC the given amount of lead, for 
if we join C B this line CB will be perpendicular to 
MB (Euc. III. 31), but A Q is perpendicular to JlfiJ, 
therefore! CB will be parallel to A Q, and QB being 
drawn parallel to AC it must also be equal to it. 
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To find tbe point M it is only necessary to bear in 
nindi that it is that point in the line J which is 
3quidistant from the point C and the line JT J, and 
in practice it may easily be found by trial with a 
pair of compasses, as soon as we have drawn the line 
G Jy but as in some cases it may be preferred to find 
the point M by the construction we have given, and 
as it may not be quite evident at first sight why the 
line CM drawn parallel to the radius L Q represents 
the throw and centre line of the sheave, and inter- 
sects the line OJ in. the point M, so that this point 
shall be equidistant from the point C and the hue 
HI, we will proceed to explain the connection. 
Draw Q U parallel to MP. Then in the triangle 
K MC as KMh to ZG so is MG to (?i, because 
MG \& parallel to QL, and in the triangle K MP as 
Z JkT is to ^ (? so is MP to OV, because GU i» 
parallel to Jf P. Hence if is to G i as MP is to 
G TJy but Gi is equal to G U, they being radii of 
the same circle, therefore as If (7 is to GL so ia MP 
to GL, and thus MG must be equal to MP. 
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EXPANSION GEARING. 

We have hitherto been investigating the move- 
ments of a single slide-valve ; we will now proceed 
to shew the application of the diagram to demon- 
strate the movements of two slide-valves, either 
independently or with reference to each other, as 
usually occurs in expansion gearing. 

Let the point A (Fig. 11) represent the centre 
of the crank-shaft, and A E the centre line of the 
ordinary or distribution valve eccentric sheave ; at 
the same time let A F represent the centre line of 
the sheave that moves the second or expansion 
valve. Join EF. Draw -4 J3" parallel and equal to 
EF, and join HE, which will be parallel and equal 
to AF. Upon AEf AF^ and A H respectively, as 
diameters, describe circles ; that upon A E will be 
the primary main valve circle, that upon A F will 
be the primary expansion valve circle, and that 
upon A H will be the resultant circle, demonstrating 
by its radius vector the motion of the expansion 
valve with reference to the main valve. The line 
A E cuts the three primary circles in the points E, E 
and J respectively. Then the original position of 
the (assumed) centre line of the crank being aXAD, 
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which is the dead-point on the right of the line 
B 6f (see p. 16), the length of the radius vector A E 
(which in this particular case coincides with and is 
eqnal to the diameter) shows that the main or dis- 




tribution valve is to the right of its central position 
a distance equal to AE ; but at this position of the 
crank the expansion valve is only to the right of its 
central position a distance equial to AK, that is, the 
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difference between the distances of the centre lines 
of the two valves from their central position, and 
hence their distance from one another is an amount 
equal to KE ; but the radius vector, A J, of the re- 
sultant circle also represents this distance. Now if 
from ^, as a centre, a circle be drawn with a radius 
equal to the distance that the centres of the valves 
have to be from each other just when the upper 
valve closes the port in the distribution valve, 
then when the crank intersects the points where the 
resultant circle cuts this circle, the port in the dis- 
tribution valve will, if the crank is approaching the 
diameter of the resultant circle, just be closing ; and 
if receding from the diameter, the port will just be 
opening. 

We will now proceed to show why AJi^ exactly 
equal toEK. Join HJsLudKF; then HA, having 
been made parallel and equal to E F, the alternate 
angle HA E is equal to the alternate angle FEA, and 
th6 angles HJA and AKF, being angles contained 
in semicircles, are each right angles, and the supple- 
mental angle FEE must therefore also be a right 
angle and equal to the angle-4J-ff. Then in the 
triangles EKF and AJHihB side HA is equal to 
the side EF, and the angle HAJ is equal to the 
angle KEF, and the angle A JH is equal to the 
angle EKF; therefore the triangle EKF is equal 
to the triangle A JH, and the side A J is equal to 
the side EK. 
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Next we will take the case of the crank being in 
the position A B (Fig. 12). Here the centre lines 
of the two valves will be distant from their central 
position and from one another an amount equal to 




KM, but the radius vector, A J, of the resultant 
circle, HSJy also represents this distance as before, 
which we will now proceed to prove. Join HJ, EM^ 
and FK; from the point -E? draw a line parallel to 
MA, and meeting FK produced in the point L. 
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AH was made equal and parallel to EF, and the 
alternate angle AEFis equal to the alternate angle 
EAH, and the alternate angle LEAk equal to the 
alternate angle JAE; therefore, the whole angle 
LEF IB equal to the whole angle J AH, and the 
angles A JH and A EF, being angles contained in 
semicircles, are each right angles and equal to one 
another. But the angle LKM 18 equal to the 
vertical angle AKF, and is therefore also a right 
angle; and the line EL being drawn parallel to 
MK the angle ELK is equal to the angle LKM, 
therefore the angle ELK ia also a right angle and 
equal to the angle AJH. Then in the triangles 
A JH euidELF, EF is equal to HA^ and the angle 
J AH is equal to the angle LEF, and the angle 
AJH is equal to the angle ELF, therefore the 
triangle ^ e/'JT is equal to the triangle ELF, and 
the side A J to the side EL; but EL is drawn parallel 
to MK, and the angle AKFhas been shown to he 
a right angle, the supplemental angle FKM is 
therefore also a right angle, and the alternate angle 
EMKy being the angle contained in a semicircle, 
is a right angle; therefore the line KL must be 
parallel to the line EM, and MK equal to EL; but 
A J is equal to EL, therefore AJia also equal to 
KM. 
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PEOBLEM V. 

The respective positions of the crank, at which the exhaust 
shall he opened and closed, the amount of lead, and the 
position of the crank at which the steam port in the cylinder 
shall he closed and the steam cut off by the main valve, 
heinff given ; to find the position and throw of the eccentric 
sheave, and the amount of the internal and external laps 
of the main valve. 

In the preceding problems we can cause the ex- 
haust to take place at any position of the crank that 
we may find necessary by simply making the internal 
lap of the corresponding amount, but the later in 
the stroke that we make this exhaust to take place 
so much the earlier will compression commence, 
hence if we require the exhaust and the compression 
each to take place at given positions of the crank, 
we must construct our diagram accordingly. 

In the horizontal \mefg (Fig. 13) take any point 
J., and draw AY in the direction in which the crank 
is to be when the exhaust opens, and AZ in the 
direction it is to be when the exhaust closes and com- 
pression commences, make A Y equal to AZ, and 
from Y and Z, as centres, describe equal arcs inter- 
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Becting at any point h^ through this point draw A 
Mhich will be the line containing the diameters 




Fi^j. 13, ^ G 



the main ralve circles. From the point A draw A C 
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Ik the direction in which the crank in to be when the 
pain valve closes the steam-port in the cylinder, care 
veing taken to arrange that this shall be before the 
expansion valve re-opens the port in the main valve. 
From A draw ^ D at right angles ix) AC, and npon 
the line -4. /set off -4 JS equal to the required lead, 
and from A and E draw A O and E JF each perpendi- 
cular to J^ff, the perpendicular at E intersecting the 
line AD a,t the point H: from this point, jff, set off 
■H^Jeqnal to HJy and with the points I and /as 
centres, and with equal radii, describe arcs inter- 
secting at any point K. Join HK cutting the line 
'^B in the point L, which point will represent the 
centre of the crank-shaft. Through the point!/ draw 
^r parallel to/y, then LA will be the diameter of 
the primary main valve circle, and will represent 
the position of the main valve eccentric sheaye rela- 
tive to the real position, LBr,oi the crank. From 
the centre L, and with radius L A, describe a circle 
cutting the line -4 J5 in the point jp. Upon LA and 
Lp as diameters describe circles, these will be the 
primary and secondary main valve circles respectively. 
From the centre, L, describe the circle I MS touching 
the lines HD and HF at the points I and M respec- 
tively ; this will be the external lap-circle, and will 
indicate by its radius the external lap of the main 
valve. Draw L W and L X parallel to AY and A Z 
respectively, then L W will represent the position of 
the crank when the exhaust is to open, and L X its 
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poBition when the exhaust is to close and compression 
to commence. Draw L P parallel to A C, then L P 
will represent the position of the crank at which the 
main valye closes the port in the cylinder. From 
the centre, L, describe the circle, e hj passing through 
the points, at which either the primary or secondary 
main valve circle intersects the lines L W and L X, 
in the figure before us this intersection taking place 
with the secondary main valve circle. Then this 
circle, 6%, will be the internal lap-circle, and will 
represent by its radius the internal lap of the valve. 
Our diagram 'is now complete, and the results ob- 
tained by it are clearly shown to be in accordance 
with the given particulars. 

Although this and the following problem refer 
more particularly to the action of a single slide-valve, 
it must be understood that this valve is intended 
to form the main valve in an expansion combination, 
in which, as the cutting off of the steam is done by 
the expansion valve, we are free to place the eccen- 
tric sheave of the main valve at such an angle as 
shall cause the opening and closing of the exhaust 
to take place at given positions of the crank. 
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PROBLEM VI. 

The respective positions of the crank at which the exhaust is 
to open and close, the amount of lead, and the amount the 
steam-port is to he open for a certain position of the crank, 
being given ; to find the position and throw of the main 
valve eccentric sheave, the point of cutoff of the main 
vaJvCy and the external and internal laps of the same. 

In the horizontal line, Jlf JV(Fig. 14), take any point 

A. From A draw A Bin the direction in which the 

crank is to be when the exhaust opens, and A S in its 

direction when the exhaust closes, and make A B and 

A S equal to each other. I'rom the points B and 8 

respectively as centres, and with the same radius, 

describe arcs intersecting at any point B. Join A B. 

From A set off AE equal to the required lead, and 

from the points A and E respectively, draw the lines 

E J3" and A t perpendicular to MN. From the point 

A draw A (7 parallel to the given direction of the crank 

in which it is required that the steam port shall be 

open a given amount ; from -4 set off -4 D equal to this 

amount, and through the point D draw JG^ at right 

angles to A (7, and cutting the perpendicular EH in 

the point Q ; set off G Jand O H equal to each other, 

E 
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and from H and I as centres and with the same 
radius describe arcs intersecting at any point J*. Join 
/ O intersecting the line AB in the point Ky which 
point will represent the centre of the crank-shaft, 
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and KA will represent the throw of the eccentric 
sheave, and be the diameter of the primary main 
valve circle. Through the point K draw V JFparal- 
lel to MN; then the line EA represents the posi- 
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tion of the eccentric sheave relative to the real 

position KV o{ the crank. Draw KO and KP 

parallel to AB and A 8 respectively, and with the 

point K as A centre describe a circle touching the 

perpeadicular EH at the point e, and the line IG 

at the point Z, tliis will be the external lap-circle, 

and will represent by its radius the external lap of 

the main yalye. Upon KA as a diameter describe 

the primary main valve circle. From K draw KL 

parallel to the given direction AC of the crank. 

This line will, of course, pass through the point Z. 

It will now be quite evident from the diagram, 

that in the given direction KL ot the crank, the 

steam-port is open an amount, ZL, equal to AD, 

the given amount From A draw A Q touching 

the external lap circle at the point Q, where it 

intersects with the primary main valve circle. 

Through the point Q draw the line KF, which 

will represent the direction of the crank when the 

main valve closes the steam-port. Produce AK 

to X, making KX equal to KA, and upon JET X as a 

diameter describe the secondary main valve circle 

intersecting the lines KO and XP in the points U 

and Y respectively. From the centre K, and with 

a radius equal to K U or KY, which will represent 

the internal lap of the valve, describe the internal 

lap-circle. Our diagram is now complete, and the 

results obtained by it are in accordance with the 

given particulars. 

E 2 
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Although this and the preceding problem refer 
more particularly to the action of a single slide- 
valve, it must be understood that this valve is in- 
tended to form the main valve in an expansion 
combination, in which, as the cutting off of the steam 
is done by the expansion-valve, we are free to place 
the eccentric sheave of the main valve at such an 
angle as shall cause the opening and closing of the 
exhaust to take place at given positions of the 
crank. 
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PEOBLEM VIL 

Tlie lead, point of cut-off, and the amounts the porta are to 
he opened, for given positions of the crank, being deter- 
'mined, according to circumstances ; to find the laps of the 
main valve and the respective throws of the main and 
expansion valve eccentric sheaves, and their positions rela- 
tive to the centre line of the crank; and further, the 
dimensions of the sieam-poris in the steam-chest being 
given, to determine the dimensions of the exhaust-port and 
of the various portions of the valves themselves. 

This problem, as will be seen from the enunciation, 
embraces everything necessary for getting out a 
complete expansion gear with two slide-valves. 

Draw AB and CD (Fig. 15) at right angles to 
each other, and let FB represent the assumed posi- 
tion of the crank at the commencement of the stroke. 
Set oS FY equal to the amount the port in the 
m^n valve is to be open, when the crank is in any 
particular position, such as F W, Draw FE in the 
direction in which the crank is to be, when the port in 
the main valve is just closed by the expansion valve, 
that is when the steam is just cut off. Through the 
point F draw 1/ at right angles to J?'^, and from 
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the point Y, and at right angles to FW, draw 
meeting FJin thepoint-ff. Makei''Kequal to 
and upon ^^snd f fas diameters describe circles 
these will be respectively the primary and secondary 




FE, I 

cleB ; 1 
idary I 



Fvff 



resultant circles. We shall now proceed to find the 
main talve circles, but before doing so must deter- 
mine the amount of lap that the main valve is to 
have; this may in most cases be of the smallest 
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imonnty say one-eighth of an inch^ when the line of 
he diameters of the resultant circles is taken at right 
ingles to the direction of the crank at the point of cut- 
>ff, as in the present case. Otherwise^ and when there 
Ls dajiger of the expansion valve reopening the port in 
tlie maiti valve before the latter has closed the port 
in the cylinder, determine the position of the crank, 
at vvliicli the expansion valve just commences to re- 
open the port in the main valve, and it is desirable 
that at this moment the main valve shall not only 
have fully closed the port in the cylinder, but shall 
also be overlapping it by at least oniB-eighth of an 
inch. We now proceed by either Problem HL, or 
Problem IV., to find the required lap of the main 
valve, and the, position and throw of its eccen- 
tric sheave ; but in each of those problems we drew 
C D in. the given direction of the crank, when the 
port was to be just closed and the steam cut off. 
Now, however, we draw CD (Fig. 16) in the direc- 
tion in which the crank is when the expansion valve 
just begins to reopen the port in the main valve. 
From the point C (Fig. 16) set off (7 E equal to the 
given amount that the main valve is to overlap 
the port at the given position CD oi the crank, 
and this amount, as we have just stated, should not 
be less, in ordinary cases, than about one-eighth 
of an inch. From the point E draw JSJ^at right 
angles to the line CJD, and through the point -4 draw 
Q E perpendicular to -4 jB, and cutting EF in the 
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point 6^: set off (7 jP equal to OH, and with the points 
F and H as centres, and with eqaal radii, describe 
arcs intersecting at any point J. Join J G, Then 
the centre of the cranknshafty and hence the centre 
of revolution of the eccentric sheaycy will lie some- 
where in the line 10, and the centre of the eccentric 



A C 




sheave itself will coincide with the point G; and this 
centre of revolution of the eccentric sheave in the 
line 10 may be found as in Problem III., or as in 
Problem IV., according to which results are re- 
quired to be obtained, for if we require the port in 
the cylinder to be open a given amount cU a certain 
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position of the cranky we proceed as ia Problem IDE. ; 
if, liowever, we only require that the maoiimum open- 
in g of the port shall be equal to a given amount, 
"witJiovi reference to the position, of the crank at that 
moment^ we proceed as in Problem IV* But we 
almost invariably require in expansion gearing with 
Iy^o -valves that at a given position of the crank the 
correspondmg ports in the cylinder and main valve 
sbould be open a certain given equal amount ; this 
will of course form the maximum steam passage; 
because, as the one port becomes more open, the 
otber becomes more closed. This will be quite clear 
from the diagram, and the through passage of the 
two corresponding ports cannot be greater in area 
than the opening of the port which is the most 
closed. We have already constructed the resultant 
circles of our diagram (Fig. 15) so as to cause the 
port in the main valve to be open an amount equal 
to jF F when the crank is in the position F W: we 
have now therefore only to obtain by Problem III. 
Ihe throw of our main valve eccentric sheave, and 
its position with regard to the centre line of the 
crank, so that, besides giving the necessary lead and 
causing the valve to close the port in the cylinder at 
the required time, it shall cause the port in the. 
cylinder to be open an amount equal to F ^ (Fig. 15) 
at the position FW o{ the crank. In working out 
these required particulars it is desirable to make 
use of a separate diagram transferring to our expan- 
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sion diagram the lap and main valve circles, other- 
wise the number of lines might make the diagram 
too confusing. 

We will now revert to the case, in which, as we 
have already explained, we may safely assume the lap 
of the main valve, making it only just sufficient to 
close the ports securely, but even this is not abso- 
lutely necessary in aU cases, as the combination may 
be so arranged that the main valve will close the port 
in the cylinder before the expansion valve reopens the 
port in the main valve, while the main valve itself 
has even what is termed negative lap, that is, the valve 
is shorter between its cnt-off edges than the distance 
between the extreme edges of the two steam-ports ; 
but it is better to take some positive lap for the main 
valve, otherwise when our figure is nearly complete 
we may find that the main valve closes the port too 
late, and have to entirely reconstruct the diagram 
from the beginning ; for this reason we prefer to de- 
termine the particular of the main valve by the direct 
method we just now explained as being quite certain, 
but when this is not done, and the lap of the main 
valve is determined arbitrarily, set this lap off from 
F to N (Fig. 15), and describe the lap-circle cutting 
FYin the point V; set off the required lead from N 
to M, and at the point M erect a perpendicular. 
Now FWis the position of the crank at which it is 
required that the port in the cylinder shall be open 
an amount equal to F Y; set this distance off from 
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^ to X. From the point X, and at right angles to 

^ Wy draw XO, cutting the perpendicular Jf in the 

)oint O. Join OF; this will be the diameter of the 

)riinajy main valve circle, and will represent the 

ilirow of the main valve eccentric sheave, and its 

position with regard to the real position of the crank 

k F. Produce OFio P, making FP equal to i^. 

Upon F and FPslr diameters describe circles ; these 

will be the primary and secondary main valve circles 

respectively, and whether we obtain these by this 

method, or by the previous and direct one, we next 

proceed in either case as follows. From the point 

and through the point /S, where the valve-circle OXF 

cuts the line FE, draw OB, this will be parallel to 

FS, and from the point H draw HB parallel to 

F Oy and intersecting the line OB in the point B. 

Join FB; then will FB he the diameter of the 

primary expansion valve circle and represent the 

throw of the expansion valve eccentric sheave and its 

position with regard to the real position AF of the 

crank. Produce BF to Q, making FQ equal to 

B F. Upon B F and FQsls diameters describe circles, 

these will be the primary and secondary expansion 

valve circles respectively. We have now to decide 

upon the inside lap of the main valve, and as the 

method of doing this has been fully explained in 

Problem I., we need not do more than apply it to 

our present diagram, and to simplify matters we will 

assume that the exhaust is to open when the crank 
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reaches the poBition FG. In this position the centre 
line of the crank cuts the secondaiy main Yalve- 
circle at the point Z, then FZ will be the inside lap 
of the main yalve ; but FZ is one of the radii of the 
outside lap-circle> and it represents the outside lap 
of the valve, therefore in the present instance the 
inside lap of the valve is made equal to the batside 
lap. Our diagram is now complete, and we vrill 
next proceed to show how to apply it to designing 
the slide-valves themselves, and the face of the ports 
in the steam-chest. We will take this latter first, 
and in the present case we will assume that the 
steam-ports are of the same length (measured always 
in the direction of the travel of the valve) as the 
throw of the eccentric sheave less the outside lap 
of the valve ; thus FO (Fig. 15) represents the throw 
of the eccentric sheave, and hence half the travel 
of the valve. From this deduct the outside lap F ?7, 
and the remainder, UO, will in the present case 
represent the length of the steam-port. 






'' j^ p I 



r-^ 71 




In the straight line A B (Fig. 17) take any point 
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Ey and from this point set off EF equal to FU 
(Fig. 15), the outside lap of the main valve; then 
the point F will represent the outside edge of one 
of the steam-ports. From F set off FO, equal to 
the given length of the steam-port, measured as 
just explained. From O set off G JT, equal to FZ 
(Fig. 15), the inside lap of the valve. From G 
also set off 01, the length of the bar dividing the 
steam from the exhaust port, this, as explained in 
Problem L> may be of any convenient length, pro- 
vided it is sufficiently strong to resist the pressure 
of the steam and give a fair bearing surface for the 
valve to work upon ; we will now take such a length 
for instance as one-half of the length of the steam- 
port FG. From the point H set off EJ equal to 
F O (Fig. 15), the half travel of the valve, and from 
the point / set off JK equal to FG, the length of 
the steam port. IK now represents the length of 
the exhaust port. From the point iT set off XL 
equal toGI, this will represent the bar separating the 
exhaust from the second steam-port, and the point 
L will represent tlje inner edge of that port% From 
the point L set back the inside lap L M equal to 
GH. From JD also set off the seeoncj steam-port ' 
LN equal to FG. From the point N set off the 
outside lap N 0, equal to E F. From the points E 
and respectively set oS EP and Q, each equal 
to FG or LN: these will represent the steam-ports 
in the main valve itself. From P and Q set off P Ji 
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aud Q S equal to each other ; these will form the ends 
of the main yalve, closing in the steam-ports which will 
thns pass through it, but these ends may be of any 
conyenient length, provided they are of sufficient 
strength to resist the pressure of the steam and offer 
sufficient bearing surface on the faces. From the 
points B and 8 respectively set off JB T and 8 U, each 
equal to FO (Fig. 15), the throw of the eccentric 
sheave equal to the half travel of the valye. Then 
TIT will represent the total length of the port face 
in the steam-chest We now proceed to determine 
the total thickness of the main valTe, so as to be 
able to set out its upper face, upon which the 
expansion yalve slides, but as the thickness of this 
main valve is regulated by the internal dimensions 
of the exhaust chamber within it, we must first 
set out this chamber itselfl The length of this 
across the mouth is, as we have already shown, 
equal to HM^ and its height should be at least equal 
to once-and-a-half the length of one of the steam- 
ports. At such a distance above the line T 27, and 
parallel to it, draw the line VW^ which will repre- 
sent the top of the exhaust chamber; above this 
allow a sufficient thickness of metal, and draw the 
line XY, this will represent the upper surface of the 
main valve ; the face, however, upon which the ex- 
pansion valve slides should be slightly raised above 
this ; draw the line ah at say threensixteenths of 
an inch above the top of the valve itself to represent 
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thi& face. In the line ah, and at equal distances 
on each side, of the centre line ZZ, set out the ports 
b G and fff^ each equal in length to P E or Q, 
and connected to the same respectiyely by passages 
through the yalve; but to simplify matters we will 
take these ports as being vertical continuations of 
-P E and Q, slightly enlarging the passages, how- 
ever, inside, so as to facilitate fitting up the working 
edges. We next proceed to design the expansion 
valve. Upon referring to the diagram (Fig. 15), we 
find that when the crank reaches the position, FEf at 
which the expansion valve has just closed the port 
in the main valve, that the expansion valve is at that 
moment in its central position on the back of the 
main valve, and as in that position its edges just, and 
only just, cover the ports in the main valve, it is 
quite clear that it can have no lap either positive or 
negative, and that its total length is exactly equal 
to b ff (Fig. 17), the distance between the extreme 
edges of the two steam-ports in the upper hce of 
the main valve. 

We have now only to determine the lengths of 
the relative sliding surfaces of the two valves, and 
in doing this it is necessary to make the sliding 
surface, ed and «/, of such a length that they 
shall reach beyond the extreme point to which 
the end m or n of the expansion valve travels, 
otherwise the expansion valve might trip against 
the edge d or e on its return stroke. We must 
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also take care that the poiDts i or j in the expansion 
valve do not overshoot the edges e or f respectively 
of tlie ports in the upper face of the main valve. 
We find by the diagram (Fig. 15) that the length of 
half the travel of the expansion valve on the back of 
the main valve is represented by the line KF, that 
is, the expansion valve travels from its central posi- 
tion, m n (Fig. 17), on the back of the main valve an 
amount equal to JET i^ in each direction. From h set 
oSip equal i/oKFy and beyond the point jp allow a 
margin of safety p d, say of half-an-inch, or whatever 
circumstances may dictate, the point d will then 
represent the inner end of one of the upper sliding 
faces of the main valve ; the length of & a may be 
determined by making it slightly less than KF 
(Fig. 15). To determine the length of the sliding 
face at the other end of the main valve, we have 
only to make fe equal to ed, and ffh equal to 
la. We next proceed to determine the lengths 
of the sliding faces, m i and j n, of the expansion 
valve. From G set oS Gq equal to KF (Fig. 15), 
the half travel of the expansion valve on the back 
of the main valve, and beyond the point q allow 
a margin of safety qi, say also of half-an-inch or 
whatever may be necessary, mi will therefore be 
the length of one of the sliding faces of the ex- 
pansion valve. To find the length of the other face 
we have only to make nj equal to m i. The reason 
we place the line containing the diameters of the 
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resaltant circles at right angles to the position of the 
crank at which the cut-off takes place is that the 
expansion yalye shall be in the middle of its travel 
on the back of the main valve at the moment of its 
catting off the steam, as in this position the expan- 
sion valve is travelling at its highest speed on the 
back of the main, valve, and relative to the same, 
thus it effects the sharpest cut-off. From this it will 
be clear that a valve to produce the sharpest cut-off 
slionld have no lap whatever, but in order to maintain 
this in such cases as when the cut-off is not to take 
place till the crank has arrived at some given posi- 
tion on the other side of jP'O, the diameter of the 
primary main valve circle, and when the main valve 
has changed its direction of motion we must con- 
struct the expansion valve with a port through it at 
each, end, so that it shall still cut off the steam when 
it is moving in the reverse direction to the main valve, 
and we must then place the expansion eccentric 
sheave to follow that of the main valve, still bearing 
in mind that the primary resultant circle is the one 
that indicates the movement of the centre of the 
expansion valve to the rijfht of that of the main valve. 
Our two valves are now complete as far as our 
present investigations are concerned, the question of 
connecting them up with the eccentrics being beyond 
the province of this treatise. 
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PROBLEM VIII. 

The throw of the eccentric sheaves^ the amount of lead, and 
the point of cutoff being given ; to find the amount of ki$ 
for the main valve and the positions of the eccentric 
sheaves which vnll give the most rapid cut-off ai the given 
position of the crarik. 

This is a problem that will frequently present 
itself to the engineer when making improvements 
in old engines, as in such cases the existing eccen- 
trics will in all probability have, to be used again. 
Draw A By CD (Fig. 18) at right angles to each 
other and intersecting at the point E. With iT as a 
centre and with radii equal to the throws of the 
eccentric sheaves respectively describe the circles 
FEE a,nd OB D. The circle FEE will intersect 
the line E B in the point K. With this point as a 
centre and with a radius equal to the lead describe 
the lead circle. Determine the position of the crank 
at which it is required that the main valve shall just 
have closed the port in the cylinder, and to assist us 
in doing this correctly, draw through the point E the 
diameter QEL touching the lead circle LE on the 
lower side : then the main valve should close the port 
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in the cylinder before the crank reaches this position 
Q Ey otherwise the valve would have negative lap^ 
which for some reasons may be inconvenient; we 
therefore take such a position for the crank as HE, 
at which the main valve is to just close the port in 




the cylinder. From H draw HL touching the lead 
circle KL, and cutting the circle FKH in the point 
L. With the points H and L as centres, and with any 
convenient radius describe arcs intersecting at B, 
Join EB, cutting the circle FEE in the point F; 

F 2 
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then the line EF will be the diameter of the 
primaiy main yalve circle, and will represent the 
position of the main yalye eccentric sheave ; with E 
as a centre, describe the lap-circle touching the line 
HL, Draw EO in the position the crank is re- 
quired to be when the expansion valve just closes 
the port in the main valve, and cuts off the steam. 
Through the point E draw IJ at right angles to 
E O. Upon ^ J^ as a diameter describe the primary 
main valve circle intersecting the line ^6r in the 
point M. Join FM, and produce it till it cuts the 
circle GBD in the point 8. Join E8, then ES 
will be the dianfcit^r of the primary expansion circle, 
and will represent the position of the expansion-valve 
eccentric sheave with regard to the real position A E 
of the crank; upon E8 describe the primary ex- 
pansion valve-circle; from 8 draw 8P parallel to 
FE, ejid cutting EJ in the point P; make EN 
equal to EP, and upon EP and EN os diameters 
describe circles; these will be the primary and 
secondary resultant circles respectively. 

Now suppose it is required that, when the 
crank has reached a given position, the main valve 
shall not only have closed the port in the steam- 
chest, but also be overlapping it by a fixed 
amount. Let E (Fig. 18) be the given position of 
the crank : then with the point as a centre, and 
with a radius equal to the given amount that the 
Valve is to be overlapping the port for that position 
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of the crank, describe a circle and draw HL as shown 
touching this circle and the lead circle K, and cutting 
the circle FEH in the points fl*and L respectively. 
Draw EH and EL. Then as before with the points 
S and L as centres, and with the same radius de- 
scribe arcs intersecting^ at any point JJ. Join EB. 
From the centre E describe a circle touching the 
line HL ; this will be the lap-circle, etc., etc. 

From the explanation given in Problem II., it 
will be evident that when the crank reaches the 
position O E the valve will be overlapping the port 
by an amount equal to the radius of, jfche small circle 
at 0, which was made equal to the given amount. 
Now in the foregoing problem should it be required 
that the exhaust and compression should commence 
at given positions of the crank respectively, then we 
find the main valve-circles by Problem VI. (Fig. 14), 
and having done this we proceed to draw E G, etc., 
as already stated herein. 
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PROBLEM IX. 

To find ike pontian of the crankj at which the port in the 
main valve 18 open the same amount a8 the port in the 
cylinder. 

Let the circles 08F, B8F SLud F YH (Fig. 19), 
represent respectively the primary main valve circle, 
the primary expansion valve circle, and the primary 
resultant circle. Let TVU represent the lap-circle 
of the main valve. From the point 0, the extremity of 
the diameter of the primary main valve circle, draw 
straight lines to the extremities of the diameters of 
the primary and secondary resultant circles, viz., to 
the points H and K respectively. From the point 
F draw F G parallel to HO, and intersecting KO m 
the point Z; with this point as a centre, and with a 
radius equal to Z J' describe the circle OSFyyfhidi we 
will term the primary differential circle, or simply the 
differential circle, unless in special cases we may have 
to use the secondary one as well. This differential 
circle will cut the lap-circle in the point V; through 
this point draw FVW, which will represent the 
position of the crank when the port in the main valve 
is open the same amount as the port in the cylinder. 

We will now proceed to explain the foregoing con- 
struction. It is quite evident from the diagram (Fig. 
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19) that when the crank is in the position FM, pass- 
ing through the point J, where the primary main valve 
SLnd resultant circles intersect^ the main.valve is the 




same distance to the right of its central position on 
the port-face, as the expansion valve is to the right 
of its central position on the back of the main valve. 
But the main valve must be a distance from its central 
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position equal to its lap before it begins to open the . 
port in the cylinder ; and therefore to attain the dis- 
tance it must be from its central position for the port 
in the cylinder to be open an amount equal to the 
amount the port in itself is opened by the expansion 
yalyCy it must have trayelled from its central position 
through a distance just equal to its lap greater than 
the distance the expansion yalve has trayelled from 
the centre of the main yalye. Now the circle de- 
scribed on the diameter F O represents by its radius 
yector the distance that the main yalye is from its 
central position on the cylinder face greater than that 
which the expansion yalye is &om its central position 
on the back of the main yalye ; and in the position 
FW oi the crank we find that the distance the main 
valye is from its central position, greater than that 
which the expansion yalye is from its central position 
on the back of the main yalye, is represented by the 
radius yector F F, which is also a radius of the main 
yalye lap-circle, and is therefore equal to the lap of 
the main yalye ; hence in that position of the crank 
the port in the cylinder is open an equal amount to 
the port in the main yalye. In cases in which the 
main yalye has negatiye lap, or the expansion yalye 
has any lap either positiye or negatiye, we haye only 
to describe a circle about the centre F, whose radius 
represents the distance the main yalye has to be 1 
from its central position on the cylinder face, i 
either greater or less than that which the expan- ! 
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sioiL valve has to be from its central position on 
the back of the main valve, for the ports to be 
open an equal amomit. It will be quite evident, 
therefore^ that if neither valve has any lap, or if the 
exLpansion valve has a lap equal to the lap of the 
main valve, the difference in the distances they 
liave to travel will vanish, and the port in the 
cylinder will be open an amount equal to ^e port 
in the valve, at the position FMoi the crank, where 
its centre line passes through J, the point of inter- 
section of the primary maiii and primary resultant 
circles. If, however, the positive lap of the ex- 
pansion valve is greater than that of the main valve, 
we describe about the centre F the circle whose 
radius represents this difference of lap, and we pro- 
duce the line (^jP'to an equal distance on the other 
side of jP, and describe the secondary differential 
circle upon it, touching the primary differential 
circle at the point F ; and from this point, and 
tkrough the point of intersection of the secondary 
differential circle and the small circle representing 
the difference of lap, draw a radius line : this wiU 
represent the position of the crank at which the port 
in the cylinder will be open an amount equal to that 
of the port in the main valve. From the preceding 
explanation it will be quite evident that we can vary 
the position of the crank at which the ports in the 
cylinder and in the main valve shall be equally open, 
and to do this it is only necessfury to draw from the 
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point F a radius line representing the position of 
the crank at which it is required that the ports ia 
question shall be open an equal amount ; and from 
the centre -F, and through the point where this 
radius line intersects one of the differential circles, 
describe the lap circle, which will represent by its 
radius the difference between the laps of the main 
and expansion valyeSy or if the expansion yalve is to 
have no lap, it will shew how much lap the main 
valve is to have, and whether positive or negative ; 
and if the radius line, representing the given position 
of the crank, cuts the primary differential circle, then 
the lap of the main valve will be positive, and if 
it cuts the secondary differential circle, then the 
maiu valve will have negative lap. Care must 
be taken, however, not to alter the lap of the main 
valve beyond the limits laid down to meet the other 
requirements of the expansion gear ; and it is most 
undesirable to give the expansion valve any lap, 
either positive or negative, as it would injuriously 
affect the sharpness of the cut-off, the valves being 
at their highest relative velocities when the crank is 
in the position FE^ at right angles to the diameters 
of the resultant circles, and in this position of the 
crank the cut-off should therefore take place; but 
were there any lap on the expansion valve, either 
positive or negative, the cut-off would take place 
either before or after the crank had reached this 
position, and would not therefore be so rapid. 
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PEOBLEM X. 

The pomtian of the centre line of the restdtarU circles, the 
amount the ports in the main vcdve are to be open at any 
particular position of the crank, and the position of the 
crank itsdf at which the cut-off is to take place^ being 
given ; to find the length of the diameters of the resultant 
circles, and the amount of lap required to be given to the 
expansion valve. 

In expansion gearing, in which the expansion valye 
has a positive lap, or in the case of variable expan- 
sion gearing, in which the expansion valve has a 
varying lap imparted to it, and which lap is made to 
increase as an earlier cut-off is required, it is most 
essential that care should be taken to see that this 
lap does not absorb too much of the travel of the 
expansion valve relative to the main valve, or the 
port in the main valve will not be sufficiently opened 
for the admission of steam. To take an extreme 
case, were the lap of the expansion valve made equal 
to the travel of the valve itself, from its central to 
its extreme position, then it is quite evident that the 
port would not be opened at all. It is necessary 
therefore when designing valve gear to determine 



76 



DESIGQflKG YALYE GEABINO. 



upon that position of the crank at which the earliest 
cut-off is required to take place, and then proceed as 
follows : — 

Draw A B (Fig. 20) to represent the (assumed) 
position of the crank at its dead-point, and AT to 
represent the centre line of the resultant circles, that 
is, the line containing their diameters ; and draw A Z 




Ti.g. 



to represent the position of the crank, at which the 
earliest cut-off is to take place, and ^ £ to represent 
the position of the crank, at which the port in the 
main valve is to be open the given amount. Upon 
the line ^ Z set off AT equal to this amount. 
From the point T draw TP perpendicular \f> AZ. 
From the point A draw A M perpendicular to ^L, 
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md cutting T P in the point 0. Set off P equal 
to O ^, and, from the points P and A as centres and 
(vitfa. the same radius, describe arcs intersecting at 
any point Q, join QO, cutting il F in the point 
Ij then will this point 7 represent the centre 
of the crank shaft, and I A the diameter of the 
primary resultant circle. From A draw A J 
parallel to TP, and with the point 7 as a centre, 
describe a circle touching the line il / at the point 
K ; this circle will be the lap-circle, and its radius 
IK will represent the lap of the expansion valve. 
Upon I A as a diameter describe the primary result- 
ant circle; and with the point 7 as a centre, and with 
a radius 7il, describe the circle AS J. From the 
point 7 draw 18 parallel to the given position A L 
of the crank, and IH parallel to the given position 
AZ ot the same. IS will now represent the given 
position of the crank, at which it is required that the 
port in the main valve shquld be open the given 
amount, and I S is intersected at the point B by the 
resultant circle, and at the point V by the lap-circle, 
hence at this position of the crank the port in the 
main valve is open an amount VB, which can be 
readily shown to be equal to KN, and KN to A T^ 
which was made equal to the required amount that 
the port was to be open. Similarly IH will now 
represent that position of the crank at which it is 
required that the cut-off shall take place, and it 
passes through the point of intersection of the lap 
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and resultant circles^ hence at this position of the 
crank the port in the main yalve is jast closed by 
the expansion yalve and the steam cut off. Through 
the point I draw E F parallel to AB, and CD at 
right angles to it. IF will now represent the assumed 
position of the crank, which A B was made originally 
to represent. 

Our diagram is now complete, and we obtain from 
it the proper diameters for the resultant circles, and 
proceed to construct our expansion gear diagram 
(Fig. 21) accordingly. 
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PROBLEM XI. 

The positiofu of the crank, at which the exhaust is to he 
opened and dosed respectively, the amount of lead and 
the amount the ports are to he opened for a certain posi- . 
tion of the crank heing given ; to find the positions and 
throws of the eccentric sheaves and the laps of the main 
valve. Also the dimensions of the steam-ports in the steam- 
chest heing given; to determine the dimensions of the 
exhaust port and of the various portions of the valves 
themselves. And any positions of the crank, ai which the 
steam is to he cut off hy the expansion valve heing given, to 
ascertain the amount of positive or negative lap (if any) 
which must he given to the expansion valve at each of those 
positions. 

We first proceed by Problem VI. to find the 
position and throw of the main valve eccentric 
sheave, the position of the crank at which the main 
valve closes the port in the steam-chest, and the 
external and internal laps of the main valve. Having 
done this, we draw AB and CD (Fig. 21) at right 
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angles to each other, and intersecting at the point E. 
Draw EH to represent the position, and throw of 




Tia Z^ 
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the main Talve eccentric sheaye, relative to the real 
position AE oi the crank, as just ascertained by 
Problem YI., and similarly draw EX \x> represent 
the position of the crank when the main yalve closes 
the steam-port in the steam-chest; and with the 
point ^ as a centre, and with a radios equal to the 
ascertained external lap of the main valye describe 
the lap-circle KZW. Produce the line XE beyond 
the point E to any point Yy then the line X Y will 
represent the position of the centre line of the result- 
ant circles. Let EB represent the position of the 
crank at the earliest point of cut-off of the expansion 
Talye, and let £ Q be the position of the crank 
at which it is required that the corresponding 
ports in the steam-chedt, and in the main yalve, 
shall be open the glyen amount Next, by Pro- 
blem X., we ascertain the length of the diameters 
of the resultant circles, and the amount of the 
lap (if any) of the expansion yalye, so that the 
port in the . main yalye shall be first opened the 
required amount, and then closed, and the steam cut 
off at the giyen positions of the crank respectiyely. 
Set off EF and EOio represent these diameters as 
just ascertained, and upon these describe the primary 
and secondary resultant circles OLE and EPF, 
and if the expansion yalye is to haye any lap, from 
the centre JE7, and with radius equal to this lap, as 
ascertained by Problem X., describe the lap-circle 
VNB^f passing through the point of intersection, N, 

G 
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of the primary resultant circle GLE, and the centre 
line, EB, of the crank. 

Let ^JB, E8, and ET repi'esent the several 
given positions of the crank, at which it is required 
that the expansion valve can be adjusted to cut 
off the steam. The line E B cuts the primary 
resultant circle in the point JV^ and the lines ^^S^ and 
ET will cut the secondary resultant circle in the 
points and P respectively. From the centre E. 
and with distances E and EP respectively as radii, 
describe arcs cutting the line EB in the points S^ 
and T^. Now, for reasons similar to those already 
explained with reference to plain valve gear (p. 16), 
when the centre line of the crank cuts the primary 
resultant circle, J^^jff (Fig. 21), it demonstrates that 
the expansion valve is to the riffJU of its central posi- 
tion, relative to the main valve, but when it cuts the 
secondary resultant circle, EP F, then it demonstrates 
that the expansion valve is to the left of such central 
position, the amount it has travelled from that posi- 
tion in each case being represented by the length of 
the radius vector on such centre line of the crank, and 
when this centre line coincides with the diameter of 
either the primary or secondary resultant circle, it 
demonstrates that the expansion valve is correspond- 
ingly either to the extreme right or to the extreme 
left of its central position relative to the main valve, 
and, as shown in our diagram (Fig. 21), the crank, 
after passing the position EQ, moves towards EF, 
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that is away from the position at which the expan- 
fiion valve is to the extreme right of its relative 
travel, and towards that position at which l4ie expan- 
sion valve will be to the extreme left of such travel ; 
hence, after the crank has passed the position E O, 
the expansion Valve is moving from right to left rela* 
tive to the main valve, and it reaches its central posi-> 
tion, relative to the same, when the crank arrives at 
the position EJy at right angles to the diameters of 
the resultant circles, and in this position the centre 
line of the crank does not therefore cut either of the 
resultant circles. Now, starting from the dead-point 
EB, we are first, as we have just shown, considering 
the motion of the expansion valve from right to left 
relative to the main valve ; hence, to effect the cutting 
off of the steam when the expansion valve is moving 
in this direction, we have to deal with that end of the 
valve, which is to the left, as shown at the upper 
part, of our diagram, where the expansion valve is 
supposed to be in its central position on the back of 
the main valve as drawn at J,, with no lap either 
positive or negative, but at B^^ with positive lap, and 
at 8^, and T^, with negative lap. Now, taking the 
expansion valve with no lap as at c7], and supposing 
it is required that it shall close the port in the main 
valve, and cut off the steam when the centre line 
of the crank is at the position E B, at which it 
cuts the primary resultant circle in the point N, 
showing that the valve is still to the right of it» 

G 2 
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relative central position an amount equal to EN ; 
ind as we are supposing it to have no lap, it is 
quite evident that in this position it leaves the 
port in the main valve still open an amount 
equal to EN, In order, therefore, to cause the 
port in the main valve to be just closed by ihe 
expansion valve at this position of the crank, we 
must extend the edge of the expansion valve to the 
left by an amount equal to EN, that is, we most 
give it a positive lap of this amount ; and to do this 
convenientlj, by our diagram, we draw a full-size 
section of that end of tiie main and eiqpansion valves 
under consideration, and in such a position that the 
line CD produced just passes along the cut-off edge 
of the port and the left end of the expansion valve, 
when it has no lap. Hence, when the cut-off is to 
take place before the expansion valve reaches its 
relative central position, wehave to give it a positive 
lap equal to the amount it has yet to travel before 
it reaches that position ; aiid to do this we have only 
to set off the required amount of positive lap from 
E towards A, and erect a perpendicular at that dis- 
tance from the point E; this perpendicular will 
determine where the left; edge of the expansion valve 
position relative to the main valve. Thus, when it 
is to come to when the valve itself is in its central 
is required that the expansion valve shall just close 
the port in the main valve when the crank reaches 
the position EB, intersecting the primary resultant 
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circle, ELG,eLt the point N, showing that a poaitiye 
lap equal to £ A* is required for the left end of the 
expansion Talve, we have to set this distance off from 
E toB^, and this is most conyeniently done by taking 
the point £ as a centre, and with radius EN de- 
scribing an arc NB, (which in oar diagram (Fig. 
21) will form a portion of the lap circle VNB^\ 
intersecting A B in the point B^f to the left of 
the centre E, because we are now considering 
the travel of the expansion valve from right to 
left, and positive lap is always set off in the 
direction towards which the valve is relatively travel- 
ling, it being understood that we are at the same 
time dealing with the edge of the valve which is 
towards that direction. Now, supposing it is re- 
quired that the expansion valve shall not close the 
port in the main valve till the crank reaches the 
position ESf in this position its centre line cuts 
the secondary resultant circle in the point 0, demon- 
strating that the ^cpansion valve is now to the left 
of its relative central position an amount equal to 
E 0. Now, had this valve no lap, either positive or 
negative, it would have closed the port in the main 
valve when the crank reached the position EJ; there- 
fore, when the crank reaches the position ES, the 
expansion valve would be overlapping the port by an 
amount equal to EO. Hence to cause the expan- 
sion valve to only just close the port in the main 
valve, when the crank reaches this position ES, we 
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iniist cause the edge of the expansion valve to recede 
an amount equal to EOy but without altering the 
position of the centre line of the valve, that is, we 
must give the expansion valve a negative lap equal 
to EO; and to set this out in our diagram we have 
only to set off from E towards B an amount E8^ 
equal to E 0, and at the point S^ to erect a perpen- 
dicular which will determine where the left edge of 
the expansion valve is to come to when the expan- 
sion valve itself is in its central position relative to 
the main valve. Now the most convenient method 
of setting oS E8^ is, as we similarly explained just 
now, to take the point E as b. centre, and through 
the point to describe an arc cutting the line A B 
in the point 8, to the right of the centre E. And 
we proceed in like manner for any other position of 
the crank at which it is required that the cut-off 
shall take place, bearing in mind always that when 
the crank is passing through that half of its revo- 
lution in which the expansion valve is travelling 
from right to left relative to the main valve — such, 
for instance, as when the crank is passing from, E 
round to EF — then we have to deal with the left end 
of the valve ; and when, under these circumstances, 
the centre line of the crank cuts the primary resultant 
circle, the arcs described through these points of in- 
tersection are made to intersect the line A Bio the left 
of the centre E; but when the centre line of the crank 
intersects the Becondary resultant circle, then the arcs 
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described through the points of intersection are made 
to intersect the line A B to' the right of the centre E. 
"We determine the proportions of the other 
portions of the yalyes in the same manner as in 
Problem VII., except that we must take into con- 
sideration the extreme positions of the two halves 
of the expansion valve, which are constructed so as 
to be brought nearer together towards the centre 
Tvlien negative lap is required, and to be extended in 
tlie opposite direction when positive lap is needed. 
This is brought about in a variety of ways, which 
it is beyond the scope of the present treatise to 
describe. 
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PEOBLEM Xn. 

Oivem Ae throw and poiition of the main vahe eccentric 
eheave, ihe lap of the expansion valve and the podUons of 
the crank, viz, that in which the port in the main valve 
shall he open a certain fixed amount and any position in 
which it shall just he closed and the steam cut off. It is 
required to find the throw and position of the expansion 
valve eccentric sheave. 

Draw AB, CD (Fig. 22) at right angles to each 
other and intersecting at the point E, and draw EF 
to represent the throw and position of the main valve 
eccentric sheave. From the centre E and with a 
radius equal to the lap of the expansion valve, 
whether positive or negative, describe the lap-circle 
KMN. Draw EG to represent any position of the 
crank when the steam is to be cut off and, if the lap 
be positive, from the point K, where this line E G 
intersects the lap-circle, draw K perpendicular to 
E (?, but if the lap of the expansion valve be nega- 
tive, produce GE till it again cuts the lap-circle in 
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the point N, and from this point draw NR perpen- 
dicular to ON, We then in either case proceed to 
draw EH to represent the position of the crank when 
the port in the main valye is to be open the given 
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amonnty and from the point M^ where it intersects 
the lap-circle, set off MI^ equal to this amount. 
From the point J draw J/, perpendicular to EH 
and intersecting the perpendicular drawn either from 
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the point K or the point N in the point J or R. 
Join JE OT REf as the case may he, this line will 
then be the diameter of the primary resultant circle. 
From the point F draw FQ parallel to this dia- 
meter, and from the point Jot B draw a line parallel 
to EFand intersecting the line i^Q in the point X. 
Join EL, this will be the diameter of the primary 
expansion circle, and it will represent the throw and 
position of the expansion eccentric sheave, which was 
required to be found. 

We have completed the diagram (Fig. 22) for the 
case of the positive lap only, this is done in order to 
Baye^a confusion of lines. 
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PEOBLEM XIII. 

Given the throw and position of the main valve eccentric 
ahecwCy and the positions of the crank ; viz, that in which 
the port in the main valve shall he open a certain fiaced 
amount, and any position in which it shall just he closed 
and the steam cut off. It is required to find the throw 
and position of the expansion valve eccentric sheave. 

In this case the expansion valve is assumed to 
have no lap either positive or negative, we therefore 
proceed as follows. 

Draw AB, CD (Fig. 23) at right angles to each 

other, intersecting at the point E^ and draw EF 

to represent the throw and position of the* main valve 

eccentric sheave, and upon this line as diameter 

describe the primary main valve circle. Draw E O 

to represent any position of the crank at which the 

steam is to be cut off from the cylinder ; and EH to 

represent its position when the port in the main 

valve is to be open the given amount. From E set off 

on EH, the amount EI, equal to the given amount. 

From the point I draw 10 perpendicular to EH. 

From the point F, and through the point K, where 

the primary main valve circle intersects the given 

line EO, draw the line FM; and from the point 

£ draw the line EN parallel to FM, intersecting 
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the line 70 in the point /. Then EJ will represent 
the diameter of the resultant circle. From the point 
/draw JP parallel to JBJP, intersecting the line 
^If in the point L, Join EL^ this will be the dia- 
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meter of the primary expansion circle and will re- 
present the .relative position and the throw of the 
expansion valve eccentric sheave, which was required 
to be found 
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PKOBLEM XIV. 

Criven the throw and jposition of the main valve eccentric 
sheave, the throw of the expansion sheave, the lap of the 
eacpansion valve, and amy position of the crank, at which the 
expansion valve shaU dose the port in the main valve and 
cut off the steam. It is required to find the position of the 
expansion eccentric; sheave. 

Draw A B, CD. (Fig. 24) at right angles to each 
other, intersecting .^at the point E. Draw EP to 
represent the throw, and position of the main valve 
eccentric sheave. Produce FE to G, making EO 
equal to EF. Upon EF and EO as diameters 
describe circles^: these will be the primary and 
secondary main valve circles. From the point F 
as centre, and with a radius equal to the lap of the 
expansion valve, whether positive or negative, describe 
the lap-circle ILK. From the centre E, and with 
a radius equal to the throw of the expansion eccen- 
tric sheave, describe the circle MGNP. Let E Q 
represent any position of the crank at which it is 
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required that the steam shall be cut off by the ex- 
pansion yalve ; at right angles to ^ Q draw a line 
touching the circle IKL, and cutting the circle 
MCNP. Now, if the expansion valve has positive 




J^tff \ 24 



lap, this line will be drawn touching the lap-circle 
on that half of its circumference faxthest from the 
centre of the figure, as at i 0, but if the lap of the 
expansion valve be negative, then the line will be 
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Irawn touching the lap-circle on that half of the cir-« 
3iixiiference which is towards the centre of the figarOi 
is at JS. Next join EO or EH, as the case may 
be, and this line EO ot EH will be the diameter of 
the primary expansion circle, and will represent the 
position of the expansion eccentric sheave, which was 
required to be found. We also ascertain from this 
problem that when the expansion valve has positive 
lap, the difference between the throws of the two 
eccentric sheaves should never be less than this lap, 
for were we wanting to cut off the steam for such a 
position of the crank as EB, we find that we cannot 
draw the line TSat right angles to J? 12 so as to 
touch the lap-circle, and to cut or even touch the 
circle MCNP at the same time ; but if this line is 
drawn to touch the circle MCNP, it will cut the 
radius, FX, of the lap-circle in the point F, showing 
that either the lap of the expansion valve must be 
reduced, or the throw of its sheave increased by an 
amount equal to FX. If, again, we want to cut off 
the steam in such a position of the crank as £1^, 
we should then find we should have to either reduce 
the lap of the expansion valve, so that it was exactly 
equal to the difference in the throws of the two eccen- 
tric sheaves, or we should have to increase the throw 
of the expansion eccentric sheave, so as to make the 
difference between the throws of the two sheaves 
exactly equal to the lap of the expansion valve. 
It will be seen from the foregoing that when the 
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expansion aheaye is arranged so that its angular 
position can be altered with regard to the cranky 
this combination becomes a Variable Expansion Grear, 
and this may be done in seyeral ways, and so as to 
be adjusted either by hand or by the goyenMMr. 
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EXPANSION GEARING WITH DOUBLE 

STEAM-CHESTS. 



PKOBLEM XV. 

Gftoen the relative positions of the cranky at which the eaihaust 
is to be opened and closed respectively, the amount of leadj 
the amount the ports are to he opened for a certain position 
of the crank, and the position of the crank itself at which 
ike steam is to he cut off. To find the positions and throws 
of the eccentric sheaves, and ike laps of the valves. 

We have hitherto been treating of expansion gear- 
ing in which the cut-off yalve slides on the back of 
the main valve itself, we have now to deal with an 
arrajigement of expansion gear in which the steam- 
chests are divided into two chambers, in the outer one 
of which the cut-off valve works upon a face formed 
on the surface of the dividing plate. The disad- 
vantage of this arrangement is that the steam which 
is in the inner chamber when the cut-off takes place 
participates in the expansion that goes on in the 
cylinder until the main valve closes the cylinder 
port. In designing a complete valve gear on this 

H 
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principle we have simply to treat the two valves quite 
separately, but for the sake of comparing the move- 
ments we find it convenient to unite the two diagrams 
in one, and, as in the previous cases, in which the 
expansion valve does the cutting off of the steam, we 
can place the main valve eccentric sheave in such a 
position as will cause the valve to op^n and close the 
exhaust port at given positions of the crank, thus 
causing the exhaust and compression to commence 
at those positions respectively. We now proceed by 
Problem VI. to find the position and throw of the 
main valve eccentric sheave and the laps of the 
main valves. This being done we next obtain 
similar particulars with regard to the cut-off or ex- 
pansion valves by the first part of Problem VII., in 
which we have shown that the sharpest cut-off is 
effected when the diameters of the expansion circles 
are at right angles to the given' position of the crank 
at which the cut-off takes place, and the expansion 
circles in the present problem correspond to the 
resultant circles in the problem referred to. We now 
transfer the results thus obtained by Problems VL and 
VIT. to a single diagram (Fig. 25), where the circles 
JDMK and K WF are the main valve circles obtained 
by Problem VI., and the circles UMX and ah are the 
lap-circles of the same, and the circles K QJ and 
EXI Sire the expansion circles as obtained by Pro- 
blem VII. Then with centre K and radius KE vre 
describe the circle EH A, and draw YK and ZK 
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to represent the positions of the crank at which the 
exhaust is to be opened and closed respectively, and 
K B to represent the position of the crank at its 
dead-point B, Produce BK to A, Draw K C to 




Ftg 



represent the position of the crank at which the port 
is to be opened the given amount, and KD to repre- 
sent its position when the expansion valve is to close 
the port in the partition, and cut the steam off from 
the inner chamber of the valve chest, and hence from 

H 2 
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the cylinder. Through the points a and b, where the 
centre lines Ff and ZK intersect the secondary 
main valve circle, describe the internal lap-circle. If 
we now examine this combined diagram (Fig. 25) 
we shall find that in the position KB of the crank, 
the port in the partition is open an amount K S, while 
that in the cylinder is only just about to commence 
to open ; and when the crank reaches the dead-point 
KB, and the piston is about to commence another 
stroke, the port in the cylinder is open an amount 
L Nf which is therefore the lead, and this was made 
equal to the required amount of lead by Problem VI. 
Taking next the position KG oi the crank at which 
it was required that the port in the partition and 
the port in the cylinder, should each be open the 
given amount, we find that OP represents the 
amount the cylinder port is open, and KQ the 
opening of the port in the partition, and these are 
equal to each other and to the given amount of 
opening as they have been made so by Problems 
VI. and VII. respectively. Next, when the crank 
reaches the given position KB, at right angles 
to JcT, in which position of the crank the steam is to 
be cut off, we find that the expansion valve has 
reached its central position, and, having no lap, it 
has just closed the port in the partition and cut off 
the steam from the inner chamber of the steam- 
chest ; but the main valve does not close the port in 
the cylinder till the crank reaches the position K G; 
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SO that while the crank is travelling round from the 
position jETD toKGy the steam contained in the inn^ 
chamber of the steam-chest participates in the ex- 
pansion which is going on in the cylinder, and this 
is not desirable. In the foregoing we have assumed 
that the main steam-chest is in two separate parts, 
one at each end of the cylinder, so that the expansion 
valve, passing its central position, and reopening the 
port in the partition leading into the main steam- 
chest at one end of the cylinder, does not affect the 
end where the cut-off has just taken place. In cases 
in which the main steam-chest is in one, having the 
expansion valve working upon a partition in the 
same, it becomes necessary to obtain the particulars 
for the expansion sheave and valve by a different 
form of construction (see p. 216), as we have to 
arrange the various parts so that the expansion 
valve, having closed the port in the partition at one 
end, shall not begin to open the port at the other 
until the main valve has also closed the cylinder 
port at the former end. We need not go further into 
the matter here, but any other particulars we may 
require can be obtained from the combined diagram. 
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LINK-MOTIONS. 

We have hitherto been treating of valve-gears, in 
which the valves have been driven direct from the 
eccentrics ; we will now proceed to consider combi- 
nations termed Unk-moiions in which the movements 
of the eccentrics are first imparted to an intermediate 
portion of the mechanism termed the link. In link 
reversing gears there are two eccentrics to each 
valve, the one is set for the forward and the other for 
the backward motion of the engine, and the two rods 
are attached one to each end of the link, which 
consists of a short bar, throughout the length of 
which is a slot or its equivalent, in which a slider, 
attached either directly or indirectly to the valve- 
spindle, is fitted ; the principle of the arrangement 
being that the slider can be made to occupy any 
position in the link either by moving the link itself, 
the slider remaining still, as in Stephenson's link- 
motion, or by moving the slider while the link 
remains still, as in Gooch's arrangement, or again by 
moving both link and slider, but in opposite directions, 
as in Allan's link-motion. However, it matters not 
by which arrangement the positions of the link and 
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slider, relative to each other, are altered, the result 
being practically the same, and >yhat we have to in- 
vestigate is this : — Given the throws and positions of 
the eccentric sheaves, the lengths of the eccentric rods, 
and the length of the link (measured always from 
centre to centre of the pin-holes where the eccentric 
rods are attached), to find what motion will be trans- 
mitted to the valve for each position of the* link 
relative to the slider; and although the result is 
influenced by other considerations, such as the mode 
of suspending or supporting the link and slider so as 
to maintain them in their relative positions, for 
the present we will assume that these are so arranged 
as practically not to aflTect it; there is, however, 
one other point we require to take into account, 
viz., whether the eccentric rods are to be "open" 
or "crossed;" that is, the crank being at its 
dead-point furthest from the link, are the eccentric 
rods to' be open (Fig. 26), or are they to cross each 
other (Fig. 28) ? And with regard to the position 
of the slider in the link, we would here explain that 
when it occupies a position at either extreme end of 
the link, so that its centre becomes concentric with 
that of the eccentric rod end, and the valve-spindle 
is moved by the eccentric rod as if no link were 
intervening, then the link is said to be in full forward 
or hackward geaVy as the case may be ; and when it 
occupies a position midway between the extreme 
positions, the link is said to be in middle gear ; but 
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when it occupies any other position in the link, then 
the link is said to be in intermediate gear. Some 
linksy however, do not admit of the slider being 
brought into a position that places the eccentric rod 
virtually into direct gear with the valve-spindle, and 
in these full forward or backward gear is understood 
to mean the nearest approach to that position which 
the particular form of link will admit of. We will 
now proceed to investigate the various forms of link- 
motion in general use ; and in doing so it must still 
be remembered that when we speak of the position of 
the crank we invariably mean its assmned position, 
unless in any particular case we state that it is to its 
real position that we are referring. The assumed 
position of the crank, as we have already explained 
(p. 10), is at the same angular distance from the one 
dead-point that its reed position is from the other, 
but is set off in the opposite direction to that in 
which the real crank revolves. 
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STEPHENSON'S LINK-MOTION. 

This form of link-motion is the one which is most 
commonly met with in practice. It consists of 
the arrangement to which we have alluded, in which 
the link is moved relative to the slider, while the 
slider itself has only a motion backwards and 
forwards in the direction of the yalve-spindle. The 
link is curved to a radius equal to the length of one 
of the eccentric rods, and has its concave side 
towards the eccentric shaft; this length of the 
eccentric rods is, of course, measured from the centre 
of the strap that embraces the sheave to the centre 
of the pinhole where the rod is attached to the link. 
We will first consider a case with open rods. 

In the vertical line A B (Fig. 26), representing 
the direction of the valve-spindle, take a point G to 
represent the centre of the crank-shaft, and draw CD 
and CEU> represent the throws and positions of the 
eccentric sheaves relative to the position GB of the 
crank, from the point C7 as a centre, and with radius 
CD 01 GE describe the circle DEB. From the 
points D and E respectively as centres, and with a 
radius equal to the length of the eccentric rods 
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measured as just now explained), describe the arcs 
P Ch and G ^intersecting at the point G. From this 
point as centre, and with a radios equal to half the 
length of the link, describe the arcs at F and Hy and 
dxa^w the lines JL and NO each parallel ix> AB^ 
toucbing these arcs, and intersecting the arcs GF 
and GHin the points F and H respectively. From 
F and H as centres, and with a radius equal to the 
length of the eccentric rods, describe arcs intersecting 
in the point I, and from this point as a centre, and 
^ith the same radius as before, describe the arc of 
tlie link FAH. Join FD and HE, then these 
lines will represent the eccentric rods. Upon the 
lines JL and ^0 set off the length of the travel of 
the points F and H respectively, as the travel of 
both these points for the position of the link given 
in the figure will be greater than merely twice the 
throw of the eccentric sheaves, but if the link be 
moved so that the valve is in full gear either way, 
then the point F oi H falling in the straight line 
A By the travel of that point will be exactly equal 
to twice the throw of the eccentric sheave CD or 
CEy but at the same time the other point will be 
further still &om the centre line AB, and will 
travel through a distance still greater than it did 
when the link was in middle gear ; to set off, there- 
fore, upon JL and NOy the travel of the points in 
question, we proceed as follows; in the line JL 
find such a point J, as centre, that an arc described 
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from it with a radioB equal to the length of the 
eccentric rods will touch the circle DEB at any 
point K, on the side nearest to the link ; and in the 
same line JL find another point L as centre, so that 
an arc described from it with the same radius as 
before will touch the circle DEB at any point M 
on the side furthest from the link^ then the distance 
JL will represent very approximately the travel d 
the point JP* in a direction parallel to -4 5, in the 
same manner the travel of either end of the link 
may be found, whatever position the link itself may 
occupy relative to the slider; and we should so 
proceed to find the travel of the other end H, but as 
the link in the present case is set in middle gear 
and both eccentrics have the same throw, the end H 
will have the same travel as the end F, and we have, 
therefore, merely to set oflf this travel upon iV^O in a 
similar manner to that in which it is set off on JL. 
There is a simpler way of setting off the travel of the 
ends of the link. Take the point J, for instance, which 
was fixed upon as being such a point that an arc 
described from it as centre, and with a radius equal 
to the length of the eccentric rods, would just touch 
the circle DEB dX the point K; the distance JK^ 
therefore, is equal to the length of the eccentrie 
rods, and the distance X" (7 is a radius of the circle 
DEB, the whole distance JC is, therefore, the 
length of one of the eccentric rods plus the radius of 
the circle DEB. In the same manner we can 
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boi^ that the whole distance, LC, ib equal to the 

3iigtli of one of the eccentric rods minus the radius 

f tlie circle DEB ; we can therefore set these dis- 

Etnces off direct from the centre C. From this 

entre set off, on the line CA, the distance CP 

c^yxal to the length of one of the eccentric rods; 

Jieu from the point (7 as a centre, and with a radius 

^qiial to £P, 'describe arcs cutting JL and JVO in 

the points /and JV respectively, and from the same 

c^elltre, and with a radius equal to Q P, describe arcs 

cutting JL and NO in the points L and respectively; 

then the distance J L will represent, as before, the 

travel of the end F of the link, and the distance NO 

will represent the travel of the end H, both eccentric 

sheaves being of the same throw, equal to the 

diameter of Ube circle DEB. Bisect JL and N 

in the points B and 8 respectively. Join B C and 

S C, these lines will, in practice, pass almost exactly 

through the dead-points of the eccentric sheaves. 

Join F C, From the point F as centre, and with 

a radius, PD, equal to the length of the eccentric 

rods, describe from the point D the arc D F, 

cutting FG in the point F. Produce DC to T, 

and from the point T as centre, and with a radius, 

as before, equal to the length of one of the 

eccentric rods, describe an arc cutting JL in the 

point U. Join UC, producing it till it again 

meets 'the circumference of the circle DEB, and 

from the point ]7 as a centre, and with a radius 
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also equal to the length of one of the eccentric rods, 
describe from the point T the arc T W ; then if we 
assnme that the point F has just been trayel- 
ling in the direction GFy the distance C V will 
represent the amount that that point has already 
travelled from its central position on the line F C^ 
when it occupies the position at F. Similarly 
assuming that the point U travels an the direc- 
tion U Wy then C W will represent the distance 
the point U has already travelled from its central 
position in the direction UG, when it occupies the 
position at U. Now the length of the arc T W is 
less than that of the arc D V, because the angle 
TC W is less than the angle DC V,hj an amount 
equal to the angle UCF; therefore the versed sine 
of the arc TW is less than the versed sine of the 
arc D F. Now we have alreadv shown that the line 
R C almost exactly passes through the dead-points 
of the eccentric sheaves ; if, therefore, we take this 
line as a mean, and produce it till it meets the cir- 
cumference of the circle DEB in the point r, and 
continue the bxc TW till it meets it in the point A, 
then the arc Th will be equal to the arc measured 
from the point D to the point ^, where the arc D V 
intersects this centre line B r, and the versed sines 
of these arcs will be equal ; therefore the length of 
that portion of the line, lying between the centre G 
and the point ff, will be less than that portion lying 
between C and the point h by an amount equal to 
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wice the versed sine of either arc, because the arc 
g curves inwards towards the oentre 0, and the 
irc T h curves outwards from this centre. Adding, 
therefore, to the former an amount equal to this 
versed sine, and subtracting the same amount from 
llie latter, makes these portions equal without affect- 
ing their sum, and this is brought about by simply 
dropping perpendiculars from the points D and T 
respectively on to the line Br ; but the lengths of 
tlxose portions of the line Br, measured from the 
centre C to where it is met by the perpendiculars . 
being equal, it becomes unnecessary for us to deal 
with both of them ; therefore, in the present case 
we shall only draw the perpendicular from the point 
jD, meeting the line iir in the point e. We will 
now consider how the motion of the eccentric, taken 
along xthe line CBj affects the movement of the link 
in the direction «7i, parallel to the direction of motion 
of the valve-spindle. From the point ^ as a centre, 
and with a radius equal to the length of one of the 
eccentric rods, describe the arc aF ; this will meet 
the line JL in the point F, and from the point h as 
centre, and with the same radius as before, describe 
the arc h U, meeting the line J L in the point U, 
Now Ba will be equal to Cff, and Blto Ch, but we 
have already substituted the perpendiculars drawn 
from the points D and Ton to the centre line CB 
in the place of the arcs, and we have shown that 
these perpendiculars cut off from itr an equal 
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amount on each side of the point C, so that Ce repre- 
sents either amount ; we have only, therefore, to set 
off on the line, CB, produced, these equal distances 
on each side of the point JS, and to erect at the point 
so found perpendiculars cutting the line JL ; but as 
the results on each side of the point B will be the 
same we need only set off one of these. From the 
point R^ therefore, set off i2m equal to Ce, and at 
the point m erect a perpendicular cutting the line 
J Lin the point n; then the line Bn represents the 
amount the end F of the link is beyond its mean 
central position for the position CD oi the eccentric 
sheaYC. But to aYoid all this extra trouble it is 
only necessary to continue the perpendicular 1)6 till 
it cuts the line -4jB in the point X, then CX will 
be equal to iiti, as can be readily proYcd. Prom 
the point X draw X Y perpendicular to A B, and 
meeting an arc described from the centre C with a 
radius equal to B J or BL in the point Y. Join Y C. 
Then Y C will represent the throw and position of 
an imaginary eccentric sheave, which if placed with 
its centre of revolution directly under the point F 
would cause that point to move almosi exactly as it 
does now move under the action of the eccentric 
sheave CD, with its rod working in the mean oblique 
direction C B, We next proceed to find the imaginary 
eccentric sheave CZ, which if placed with its centre 
of revolution directly under the point H would cause 
that point to move almost exactly as it does now move 
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under the action of the eccentric sheave CE, with its 
rod working in the mean oblique direction CS. Join 
Y2j, and divide this line in the same proportion as 
the line A B divides the chord, FH^ of the link. In 
the present case it divides it equally ; therefore the 
point X, in the line Y Zy corresponds to the point t 
in the chord of the link, and to the point A in 
the are of the same, and this point A will travel in 
the line AB almost exactly, as if it were driven 
by an eccentric, the throw and position of which is 
represented by the line GX; and we can ascertain 
the motion of any point in the arc of the link for this 
position of the link itself by simply finding the point 
in the line Y Zy which divides that line in the same 
proportion as a line drawn parallel to the centre 
line of the valve-spindle through the given point in 
the arc of the link divides the chord FS, but it is 
sufiBciently accurate for all practical purposes, and 
with links of ordinary curvature, to divide the line 
F^ in the same proportion as the given point 
divides the arc of the link ; but as the two virtual 
eccentric arms, C Yand G Zy and the line, Y.Z^ join- 
ing them only refer to the middle position of the 
link, they having been obtained from that position, 
we oan only use the line YZto obtain the movements 
of points in the link while the link is in mid-gear ; 
and if with the link in any other position we want 
to find the motion of any point in the same other 
than the actual point in gear with the valve-spindle, 
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and for which we shall presently explain a short 
method, we most obtain the virtual eccentric arms 
C y and CZ and the line YZioi that special position 
of the link. In dividing the line YZ in the same 
proportion as the chord FH or the arc of the link 
is divided, we mnst take the proportion in each case 
from that end of the link and of the line TZ which 
are contiguous to the same eccentric rod; thus, with 
" open rods ^ the end T corresponds with the end JP, 
and the end Z with the end H; but with " crossed 
rods'* the end Z would correspond with the end H, 
and Z with F. We have obtained the point F in 
the arc drawn from the centre C by drawing a 
perpendicular X T from the point X, where the 
centre ^ jB is intersected by the line DX; but there 
is a much simpler way of finding the point T, for 
the angle DCYis always equal to the angle BCX; 
and similarly, with regard to the point Z, the angle 
ECZia always equal to the angle SCX, which we 
will proceed to prove, but as the same reasoning 
applies in both ca^es we need only deal with one of 
them. We will now, therefore, take the case of the 
point Y. From the point B set oSBp equal to CD, 
the throw of the sheave, and at the point jp erect a 
perpendicular which will meet the line J L in the 
point J, or fit least so very nearly so that we may 
assume that it does actually meet it in that point, 
and draw it accordingly. Then in the triangle 22 Jp 
the straight line m n has been drawn, so Ihat it ia 
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parallel to the side J'p^ both being perpendicular to 
Rpy therefore the triangle ii/pis equiangular to 
the triangle Bnm; and as the side Bp is to the 
side JB, so is the side Bm to the side Bn (Eudid, 
VI. 4), and in the triangles D (7 c, YCX, the side 
JOG ia equal to Bp, and CY to BJ, and the side 
C e 18 equal to the side Bm, and C X to Bn. There- 
fore, as D (7 is to (7 Y so is C6 to CX, and the angle 
D eC \B equal to the angle TXC, both having been 
made right angles; therefore the triangle DeC is 
equiangular to the triangle YXC (Euclid, VI. 7), 
and the angle DOeis equal to the angle YCX: from 
these equal angles take away the commoxi part YCe, 
and the remainder DCY ia equal to the remainder 
BCX. 

We wiU next take a case in which the link has been shifted 
into an intermediate position, stich as FG (Fig, 27), 
where the valve-spindle, AQ, is driven by the point A in 
the link ; we require to know what motion the valve-spindle 
receives. 

Let CD and CE,9^ before, represent the throws of 
the eccentric sheaves and their positions relative to 
the position CB oi the crank, and let FQ represent 
the link and its position relative to the centre line, 
A Q, of the valve-spindle, and let CF and CO re- 
present the lengths of the eccentric rods. Through 
the points F and G respectively draw -the lines of 
travel, HI and JK, parallel to the centre line, A Q, of 
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the val ve-flpindle. From the centre C, and with B A 
as radiusy describe arcs intersecting these lines in 
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the points H and J respectively ; similarly from the 

same centre^ and with 2/4 &s radios, describe arcs 

intersecting the same lines in the points I and K. 

Then the distance HI will represent the travel of 

tlie point Ff and the distance JK will represent 

the travel of the point 6?, and the points F and O 

respectively almost exactly bisect those distances. 

Draw CM equal to FH or FI, making the 

angle MCD equal to the angle FCA, and draw 

CN equal to GJ ox GK, making the angle NGE 

equal to the angle OCA, Join MN, and divide it 

at the point 0, in the same proportion as A Q, 

the centre line of the valve-spindle, divides the arc 

FA G ; so that MO is to ONs&FAioAO. Join 

C 0. Then C will represent the throw and position 

of an imaginary eccentric sheave, which, if connected 

direct to the point 4, would cause that point to move 

almost exactly as it does under the combined action 

of the i;eal eccentric sheaves CD and OJE, working 

in the oblique directions F and 0. And the 

motion of any other point in the link, while it is in 

the position F 0, may be obtained by simply dividing 

the line MN in the same proportion as the given 

point divides the arc of the link; and by finding 

the throws of the two imaginary eccentric sheaves, 

CM and ON, for any other position of the link, the 

motion of any point in the same for that position 

may be ascertained in a similar manner, but as the 

point in the link of which we more particularly 
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require to know the motion is that point in gear 
with the valve-spindle, we can avoid the labour of 
going through aU the foregoing construction, for the 
ends of the throws of the imaginary eccentric sheaves 
corresponding to the various points of the link 
brought into gear with the valve-spindle, are found 
to fall in a curve which is really a portion of a para- 
bola, but is sufficiently accurately represented by 
the arc DOE oi a circle passing through the ends 
of the throws of the real eccentric sheaves and the 
end of the throw of the imaginary sheave, which 
refers to the motion of the centre of the link, when 
the link itself is in mid-gear. This method will be 
fully expladned in Problem XVI. 

W^ will now proceed to consider the same form 
of link-motion, but with "crossed rods." In the 
straight line AB (Fig. 28) take any point G to 
represent the centre of the crank-shaft carrying the 
eccentric sheaves, and let CBhe the position of the 
crank. Draw CD and CE to represent the throws 
of the eccentric sheaves and their position relative to 
the centre-line, GB, of the crank. From the point C 
as centre, and with a radius equal to (7 D or GE, de- 
scribe the circle DEB, From the point D as centre, 
and with a radius equal to the length of one of the 
eccentric rods, describe the arc GHy and from the 
point E as centre, and with the same radius, describe 
the arc FQ intersecting the arc GH in the point G, 
From this point as a centre, and with a radius equal 
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to lialf the length of the link, describe the arcs at I 
and Jy and draw the straight lines IM and JN 
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parallel to A By touching the arcs drawn from the 
centre G, and catting the arcs FO and G-H iath& 
points F and H respectively. Join FH, From the 
points F and H as centres, and with a radius equal 
to the length of the eccentric rods, describe arcs 
intersecting at K, and from this point as centre, and 
with the same radius, describe the arc, FLH, of the 
link. From the centre C set off upon J If and JN 
respectively the points J, 3f, J and N representing 
the extent of the travel of the ends F and JS of 
the link, in the manner already described. And 
similarly, from the same centre, and with a radium 
equal to the length of the eccentric rods, describe 
the arcs at and P, bisecting th^ lines IM and 
JN in these points respectively. Join CO and 
CP, then draw the eccentric rods FE and DM, 
which will be seen to cross each other at the 
point F, while the crank is in the position CB, 
hence the combination is termed a link-motion 
with "crossed rods." Draw CQ equal to P «7 or 
PN, making the angle SCQ equal to the 
angle PC A, and draw CB equal to J or OJf, 
making the angle E CB equal to the angle OCA ; 
the reason for these angles being made equal 
has been already fully explained (page 114). Join 
QR, and divide it in the same proportion as the 
centre line, A JB, of the valve-spindle divides FLB, 
the arc of the link; in the present case, this are is 
divided hj AB into two equal parts, therefore we 
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diTide QBin the same manner in the point 8, then 
th.e line C8 will represent the throw and position of 
"tlie single virtual eccentric arm which would drive the 
centre point, L, of the link almost exactly in the same 
manner as it is really driven by the combined 
action of the eccentric sheaves CD and CE, with 
tlie link occupying its middle position with regard 
to the valve-spindle ; and we can, as before, ascertain 
the motion of any other point in the link, for this 
position of the link itself by simply finding the point 
in the line QB that divides it in the same pro- 
portion as the given , point divides the arc of 
the link, but as the point in the link of which we 
more particularly require to know the motion is that 
in gear with the valve-spindle, we can in this 
case, as well as in the previous one with open rods, 
avoid the labour of ^ going through the full con- 
struction for every position of the link, as it is found 
that the ends of all the single virtual eccentric arms 
are contained in a curve which, as before, almost 
exactly coincides with an arc of a circle D SE, passing 
through the ends of the arms of the real eccentric 
sheaves and the end of the throw Of the imaginary or 
single virtual eccentric sheave, which refers to the 
motion of the centre of the link, when the link itself 
is in mid-gear. Through these points D, 8 and E 
describe this arc, and the motion of any point Tin the 
arc of the link will be ascertained by finding a point 
U in the curve D8E which will divide it in the same 
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proportion as the arc of the link is divided by Hie 
point T, the proportion being taken in each case 
from that end of the link and that end of the arc 
D 8 Ef which are contiguous to the same eccentric 
rod. 

In the foregoing we have intimated from time to 
time that the construction indicated does not in 
every detail yield results so absolutely accurate as to 
be capable of direct mathematical proof, but never- 
theless the construction does give results so very nearly 
approaching to' absolute accuracy, that the deviation 
therefrom cannot be appreciated in practice, and it 
must be borne in mind tha,t in our diagram any sucb 
deviations are much exaggerated, for in order to make 
the rest of the figure of sufiSciently large dimensions 
and yet to get the whole within the compass of a page, 
we have been obliged to draw the eccentric rods very 
much shorter in proportion than is usual in practice, 
hence there appears to be so great a distance between 
the points X and /(Fig. 26) and the points F and n; 
for were the eccentric rods of indefinite length, these 
points respectively would actually coincide, but even 
were the rods drawn of a length bearing a /air pro- 
portion to the length of the link and the travel of 
the valve, then these points would to all intents 
and purposes coincide, and the distance of the 
point F from its real centre of travel would prac- 
ticaUy be the same as its distance from its mean 
centre. 
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The throws of the two imaginary eccentric sheaves 

''hich refer to the extreme ends of the link are termed 

ie virtual f(yrward cmd backward eccentric arms, and 

h.e throw of the imaginary eccentric sheave which 

efers to the motion of an intermediate point in the 

ink, is termed the single virtual eccentric arm ; and it 

viU be noticed that the curve containing the ends of 

ill the single virtual eccentric arms is always convex 

towards the link where " open rods " are used, and 

^.oncave towards the link when " crossed rods " are 

eipplied ; hence, as will be seen from the following 

problems, when open rod combinations are used, the 

lead of the valve increases as the link is brought 

nearer to mid-gear with the valve-spindle, but with 

crossed rod combinations the lead diminishes as the 

link is brought nearer to mid-gear, and in both cases 

the shorter the rods are in proportion to the length 

of the link the greater is the alteration in the amount 

of lead, so that where it is desired that the lead shall 

undergo the least possible change in using different 

positions of the link, it is necessary to use ;the longest 

rods that circumstances will admit of, and as 

short a link as the travel of the valve will allow. 

With regard to the method of shifting the link, this 

is effected by means of a short rod I A (Fig. 26), one 

end of which is attached to the link itself at the point 

A, bisecting the arc, which in practice is struck 

through the middle of the slot; sometimes, how^ 

ever, another point is taken ; in any case the other 
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end of this rod is attached to a lever or sliding-piece 
at a point opposite to the central position of the point 
of attachment to the link, and the motion of this 
point must be at right angles, or approximately at 
right angles, to the direction of motion of the vake- 
spindle. 
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PEOBLEM XVL 

iven the throws of the forward and backward eccentric 
slieaveSj and their positions relative to the centre line of the 
crank J also the length of the link and of the eccentric rods. 
It is required to know what motion the valve-kindle wiU 
receive from any given point in the link, if the link itself is 
shifted so as to bring thai point into gear with the valve- 
spindle. 

Let the straight line A B (Figs. 29 and 30) repre- 
sent the length of the link, and we will suppose the 
link to be in middle gear. From the points A and 
B respectively as centres, and with a radius equal to 
the length of the eccentric rods, describe arcs inter- 
secting at C, and from the point C as centre, and 
with the same radius, describe the arc of the link 
A KB, Bisect the chord ^ J? in the point jP. Through 
the points JPand (7 draw the centre line.jPCZr, and 
from the point C set oS CD and OE to represent the 
throws of the eccentric sheaves and their positions 
relative to the real position, CL, of the crank, and 
from the point C as centre, with radius CD or C E. 
describe the circle DEL. Upon D (7 as a diameter 
describe the valve-circle DOC, and join A C, cutting 
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this yalye-circle in the point G. Throngh the 
points D and Oy draw a straight line, cutting the 
centre line F C in the point H. Through the 
three points D, H and E describe an arc of a 
circle ; then, if we require to know how the valve- 
spindle would be moved by any point in the link 
which we might bring into gear with it by shift- 
ing the link, we have only to find that point in the 
arc, D HEy which divides it in the same proportion 
as the given point divides the arc of the link, the 
proportion being reckoned in each case from the 
ends of the link and of the arc D HE, which are con- 
tiguous to the same eccentric rod. Thus we have 
only to divide the arc D HE in the point J, so that 
D / is to JE as -4 J is to IB, and to join CJ, then 
C J wiU represent the throw and position of the 
single virtual eccentric sheave, which, if connected 
direct to the point K, would move it almosi exactly 
as the point I in the link would cause it to move if 
the link were shifted into that position. 



Stephenson's link-motion. 129 



PBOBLEM XVn. 

The length of the link and of the eccentrte rods being hnown, 
and the link being in fuU backtoard or forward gear, and 
the lead, the jpoint of cut-off, and either the amount the 
port is to be open for a given position of the crank, or the 
utmost amount thai it is to be open for any position what- 
ever of the same being given, it is required to find the 
throw and position of the forward and backward eccentric 
sheaves, and the lap of the valve : also given the various 
positions of the crank aJt which the cut-off of the steam 
shall take place, it is required to find those positions of the 
link which wiU effect the same. 

This problem is more especially applicable where 
such a form of link is used as will allow of the 
eccentric rod being thrown into absolutely full 
gear with the valve-spindle. Let the straight 
line AB (Figs. 31 find 32) represent the length 
of the link. From the points A and B respec- 
tively as centres, and with a radius equal to the 
length of one of the eccentric rods, describe arcs 
intersecting at (7, with this point as centre, £Uid with 
the same radius describe the arc of the link ABB ; 
bisect AB m Ey and through the points E and G 
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draw the centre line DEO. 




♦Then by either 
Problem III. or 
Problem IV., as 
the case may be, 
find the throw of 
the eccentric 
sheaves, and their 
position relatiye to 
the real position of 
the crank, also the 
lap of the valve: 
having done this, 
transfer the results 
to the link diagrams 
(Figs. 31 and 32), 
drawing CF and 
G G to represent 
these throws of the 
sheaves and their 
position relative to 
the real position, 
GZy of the crank, 
and from the centre 
C describe the lap- 
circle VPNy and 
from the same 
centre, and with 
a radius equal to 
GF or £?(?, de- 
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3ribe the circle KFQy and draw JO to represent 
be direction of the 
rank at which the _ 
team is cut off when 
be link is working 
n full gear, and draw 
KG, LO, and MG 
x> represent the va- 
rious positions of the 
Drank at which it is 
required that the 
steam may be cut off 
by moving the link. 
We have now to find 
those positions of the 
link which will effect 
the same. Join A C> 

and upon JPC as a 

diameter describe the 

valve - circle F H 

cutting ^ C7 in the 

point H, Through 

F and H draw a 

straight line, cutting 

the centre line D Z in 

the point J. Through 

the points F, I, and 
describe the arc 

of a circle. At the 
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points 0, P, and Q, at which the lap-circle cuts 
the lines KC, L 0, and M G respectively, erect 
perpendiculars cutting the arc FIQ in the points 
jB, 8y and I respectively ; then divide the arc i4D5 j 
of the link in the same proportion as the points I 
jB, 8y and I divide the arc FIG, and let the point j 
T correspond to the point iJ, and the point [7 to the 
point 8y and the point J, which bisects the arc 
FIG, will correspond to the point D, bisecting the 
arc of the link. Join CB and G8, for the points 
I and C are already joined by a portion of the centre 
line D Z. Then the lines CB, 'C8, and CI will i«- 
present the single virtual eccentric arms referring to 
the points T, U, and D of the link respectively, that is, ' 
if the link be moved so that any one of these points be 
brought into gear with the valve-spindle, then tie 
valve-spindle will be moved by any such point almost 
exactly as though it were driven direct by an eccentric 
whose throw and position is represented by this line. 
Upon CB,C8, and CI respectively as diameters, de- 
scribe the valve-circles C0B,CP8, and Q I; these 
will pass through the points 0, P, and Q respectively, 
where the lines KG, LC, and MG intersect the lap- 
circle VQN ; hence the steam will be cut off from 
the cylinder when the crank reaches that position in 
which its centre line passes through the point of 
intersection of the lap-circle and that valve-circle 
which corresponds to the position in which the link 
then is. The next point we have to consider is the 
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amotint of lead the valve has for each of the various 
positions of the link. Taking first the link in full 
gear so that the point A in the link becomes con- 
centric with the centre of the end of the eccentric 
rod, and the valve-spindle is driven by the real 
eccentric arm CF, as though its eccentric rod were 
connected direct on to it without any link inter- 
veniiig, the valve will have a lead equal to VW, 
which is equal to the given lead; for, by Problem 
IIL or IV., we made CF the throw and position of 
the eccentric sheave which would give the lead, the 
opening of the port, and the point of cut-off re- 
quired. We next take the point T in the link, and 
find upon referring to the corresponding valve- 
circle, that the valve will have a lead equal to VX 
when the link is shifted, so as to bring this point* 
into gear with the valve-spindle ; and, similarly, V Y 
will be the lead when the point U is brought into 
gear. When we come to the centre of the link we 
find that if the link is placed in mid-gear, as shown 
in the diagram (Figs. 31 and 32), the valve will 
have a lead equal to VI, but in this position of the 
link the valve only opens the amount VI altogether, 
and it travels altogether from its central position an 
amount equal to CI; hence, when the link is in 
mid-gear, the travel of the valve is equal to the lap 
plus the lead, and the amount the port opens is only 
equal to the le«id. From the foregoing it will be seen 
that, as we have already stated, when open rods 
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are used, the lead of the valve increases as the link 
18 brought nearer to middle gear, but with crosaed- 
rods the reverse is the case. In practice^ however, 
this increase is very considerably less than that indi- 
cated by oar dia^am: for we have, as previonsly 
stated, been compelled to make our eccentric rods so 
short as to be altogether ont of proportion to the 
length of the link, in order to get the figare within 
the size of the paga 
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PEOBLEM XVIII. 

Hie length of the Uvk and of the eccentric rods being known, 
and the link being in such a position thU a given inter" 
mediate point in the same drives the valve-spindle; aha 
the lead, the point of eiA-off, and either the amount the 
port is to be opened at a certain position of the crank, or 
ike utmost amount it is to be opened by this point in the 
link for any position whatever of the crank being given ; it 
is required to find the throw and position of the forward 
and backward eccentric sheaves and the lap of the valve. 
Also given the various positions of the crank at which the 
cut-off of the steam shaU take pUice, it is required to find 
those points in the link which will effect the same. 

This problem is especially applicable in cases 
Inhere a form of link is used whicli will not admit 
of the eccentric being thrown into absolutely full 
gear with the yalve-spindle ; for instance, if we take 
that form of link in which the eccentric rods are 
attached to each end of the link beyond the ends of 
the slot, in such cases the theoretical link is* measured 
from pinhole to pinhole, where the eccentric rods are 
fastened on, and each extreme position of the slider 
becomes only an intermediate position in our link 
diagram. 
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Let the straight line -4 B (Figs, 33 and 34) repre- 
sent the length of 
the link measnred 
from centre to 
centre of the pin- 
holes where the 
eccentric rods are 
attached, and it 
matters not 
whether the link 
can be shifted so 
&r as to bring 
these points into 
gear with the 
valve-spindle, or 
whetherthe points 
G and Z are the 
extreme points 
that can be so 
used, as in either 
case it is these 
particular points, 
6r and Z, with 
which we have to 
deal, and we have 
to cause* either of 
them to move the 
valve in accord- 
ance with the 
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given requirements, when they aie biooght into 
direct gear with the t 



valve-spindle. From 
the points A and B 
as centres, and with 
a radius equal to the 
length of the eccen- 
tric rods, describe 
arcs intersecting at 
Cy and these rods 
are taken here very 
much shorter in 
proportion than 
they would be in 
practice, in order to 
get the diagram 
within the page. 
From this point G 
as a centre, and 
with the same ra- 
dius, describe the 
arc, ADB, of the 
link. Bisect A B 
in Ej and through 
this and the point 
C draw the centre 
hneDF. *By Pro- 
blem m. or Pro- 
blem IV., as the 
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case may be, find the throw of an eccentric sheaTC 
and its position relative to the real position, CF, of 
the cranky which, if connected by an eccentric rod 
direct on to the yalye-spindle, would produce the 
required results. These results are taken differently, 
though under the same lettering, in the two diagrams 
(Figs. 33 and 34), one referring to open and the other 
to crossed rods. However, haying obtained these parti- 
culars, we transfer them to our two link diagrams 
respectively, drawing CH to represent the throw and 
position of this eccentric sheave, and describing the 
lap-circle about the centre C. Let O be the point in 
the link which is to produce the required motion of 
the valve. Join GC. Upon HG aaa, diameter de- 
scribe the valve-circle HLG, cutting CG^ in the 
point L Through H and J draw a line cutting the 
centre line, CD, in the point /. With its centre 
somewhere in the line D F, describe an arc of a circle 
passing through the points H and /, and set off HM 
to bear the same proportion to HJ as OA does to 
OD, Join CM. From the point Cas centre, and with 
radius CM, describe a circle. Draw the radius CN, 
making the angle / {7 JV equal to the angle J CM. 
Then CM and (7JVwill represent the throws and 
positions of the real eccentric sheaves, whose rods 
being attached to the points A and B, the extreme 
ends of the link, the link itself being placed in such 
a position that the point Q drives the valve-spindle, 
will cause the valve to be moved almost exactly as it 
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would be if driven direct by an eccentric whose throw 
and position are represented by CH, Upon MC as 
diameter describe the valve-circle MOC. If we now 
examine the diagram, we find that K represents 
the lead of the valve when the pgint A^ at the extreme 
end of the link, is brought into direct gear with the 
valvenspindle, and Ca represents the position of the 
crank when the steam is cut off. And further, when 
tlie point O in the link drives the valve-spindle, then 
the valve has a lead, KLy equal to the given amount 
of lead, and cuts off the steam when the crank 
reaches the position Ch, representing the given 
position at which the cut-off was to take place, 
because we made CH to represent the throw and 
position of an eccentric sheave, which would effect a 
distribution of the steam in accordance with the given 
particulars. We will now assume that it is required 
to find a point in the link which, if brought into gear 
with the valve-spindle, would cause the cut-off to take 
place when the crank reaches any position, isuch as 
Od. At the point n, where Od cuts the lap-circle, 
erect a perpendicular cutting the arc MJN in the 
point e. Join Ce, and divide the arc of the link in 
the same proportion as the point e divides the arc 
MJNf the proportion being taken in each case from 
the ends of the link, and of the arc D8E, which are 
contiguous to the same eccentric rod. Let h repre- 
sent this point in the link. In a similar manner any 
other point in the link may be found which, if brought 
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into gear with the yalye-spindle, will cause the cat-oS 
to take place at given positions of the crank, but no 
earlier cut-ofif can be effected than that produced by 
the central position of the link, that is by the link in 
mid-gear. We haye already pointed out that, when 
the point A in the link driyes the yalye-spindle, the 
yalye has a lead equal to KO, because the yalye- 
spindle is then driyen by the eccentric in full gear, 
and therefore the real eccentric arm becomes the 
single virtual eccentric arm for that position of the . 
link. Now, supposing it is required that when | 
the link is in full gear, so that the end where the 
eccentric rod is attached drives the valve-spindle, 
the valve should have a greater or less lead than 
K 0, we proceed as follows : — Set off from the point K 
the required lead on the centre line, and let KP or 
K U represent this lead, which distances we have 
taken, the one greater and the other less than KO. 
Through the points P ot U draw a straight line at 
right angles to the centre line D F, cutting the arc, 
MJN, produced in the points Q, B, V and W. Join 
these several points with the centre C, Then if a lead 
equal to i^ 17 is required, the points V and W will 
represent the ends of the arc, and C V and C W will 
represent the throws and positions of the eccentric 
sheaves; but, in order to maintain the necessary 
proportion, we must alter the length of the link 
itself in the same ratio as we have altered the 
length of the arc MJN. Let XD T represent the 
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of the link of the altered length, then the point 
G- ^11 still divide the arc, XD F, of the link in the 
s£LT3ie proportion as the point JET divides the arc 
J W. Similarly, if we require a lead equal to jBTP, 
points Q and B will represent the ends of the 
a-x-c, and GQ and CB will represent the throws and 
piositions of the eccentric sheaves; but again, in 
oxder to maintain the necessary proportion, we must 
Salter the length of the link itself in the same ratio 
a.s we have altered the length of the arc MJN, 
31«et 8D T represent the arc of the link of the altered 
Xength, then the point O will, as before, still divide 
"the arc 8D T oi the link in the same proportion as 
Ihe point fl" divides the arc QJB. From the fore- 
going it will be seen that it matters not whether the 
link be driven by an eccentric arm, GMy connected 
by its rod to the point A of the link, or whether it 
be driven by an eccentric arm CQot CV^ with its 
rod attached to the points iS' or Z in the link. 
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GOOCff S LINK-MOTION. 

In this combination (Figs. 35 and 36) tlie link is 
also carredy but with its concave side towards the 
valye-spindle. The link itself, however, is not shifted 
to vary the position of the slider, as in Stephenson's 
arrangement, the valve-spindle being driven by the 
link through an intermediate connecting-rod TT, 
termed the radius rod, attached to the slider, and 
the link itself is curved to a radius equal to the 
longth of this rod, and is maintained in its central 
position by being attached to one end, 7, of a rod 
YZ, the other end, Z, of which swings on a stad 
fixed opposite to the central position of the point of 
attachment to the link; which point of attach- 
ment should fall in and bisect the arc of the link, 
this arc being struck through the centre of the slot ; 
another position, however, is sometimes chosen for 
this connection. The radius rod, OW, ia attached 
at any point b in the same (generally somewhere 
about the middle of its length) to one end of a rod 
b a, the other end, a, of which is connected to a 
lever or sliding-piece at the point a, opposite to the 
central position of b, the point of attachment to the 
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xsonnecting-rod, tke mean motion of the point a in 
tilJLe lever or sliding-piece being at right angles to 

I'* 

OPEN / RODS 
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the direction of motioii of the valyenspindle A 0, 
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N'ow as the link itself is not shifted, but always 
Dccupies a position such that its centre travels back- 
wards and forwards along A G, the centre-line of the 
valve-spindle (the only deviation from this being 
due to the small arc described by the rod YZ carry- ' 
ing the link), it is only necessary to find the virtual 
forward and backward eccentric arms C V and C U 
once^ for all positions of the slider, in the same manner 
as we did in the case of Stephenson's link-motion, and 
to draw a straight line joining the ends, .V and U, 
of these, and divide this line, VU, in. the same 
proportion as the slider divides the arc, FYS, of 
the link: then the line drawn from this point of 
division to the centre of revolution of the eccentric 
sheaves will represent the single virtual eccentric 
arm, and its position relative to the crank ; and, as in 
this link-motion, the line containing the ends of all 
the single virtual eccentric arms is straight instead 
of curved, the lead remains the same for all positions 
of the slider. The construction is as follows : — In the 
straight line A B (Figs. 35 and 36) take any point (7, 
and draw CD and CE to represent the throws and 
positions of the eccentric sheaves, and from the same 
point as centre, and with radius CD or GE, describe 
the circle DEB. From the points D and E as 
centres, and with a radius equal to the length of the 
eccentric rods, describe the arcs FQ and GH inters 
secting at the point G (which point G does not neces- 
sarily fall in the line FEy Fig. 35). From this point 

L 
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as a centre, and witli a radius eqnal to half the length 
of the link, describe the arcs at I and /, and draw the 
lines KL and Jlf^ parallel to ^ j5, toucliing these 
arcs, and cutting the arcs FG and 6r JET at the points 
F and S respectively. Join FH. From the point 
^ as a centre, and with a radius equal to the length 
of the radius rod, describe an arc cutting AB in. the 
point O, and from this point as a centre, and with 
the same radius, describe the arc of the link. Join 
2> J'and EH: these lines will represent the eccentric 
rods. From the centre G set off upon KL and 
MN respectively the points JT, L, M and JV", repre- 
senting the extent of the travel of the ends of the 
link; the method of doing this has been already 
described (p. 109). Similarly, find the points P and Q 
bisecting KL and MN. Join GP and C7Q, and 
through the point B, where the centre line, A J?, is 
cut by the circle BE By draw ST at right angles 
to AB, cuttiug the lines GP and GQ in the points 
8 and T respectively. From the centre G, and with 
a radius GS or £77, describe the arc UTV^ and draw 
the radii GV and GU, making the angles UCD 
find VGE equal to the angles 8GB and TCB 
respectively in Fig. 35 and alternately in Fig. 36 ; 
in the present case, however, they are equal. 
Then CV and CU will represent the virtual 
forward and backward eccentric arms. Join V U. 
We will now assume that any point W in the link 
di'ives the valve-spindle. Join WO, then this line 
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will represent the radius-rod, and in order to 
ascertain how the valve-spindle is driven by the 
point W in the link we have only to divide the line 
ZZ "F in the same proportion as the point TF divides the 
arc PYHo{ the link, the proportion being taken in 
each case from that end of the link and of the line 
Z7 Vy which are contiguous to the same eccentric rod. 
In. the following problems, as in those relating to 
Stephenson's link-motion, the results, though not 
cAsolutely correct in every detail, so as to be capable 
of direct mathematical proof, do nevertheless under 
ordinary conditions so very nearly approximate to 
perfect accuracy that any deviation therefrom is 
inappreciable in practice ; if very short rods, how- 
ever, are used, it may in some extreme cases be 
desirable to discard the use of valve-circles, and 
draw instead the arcs described by the eccentric 
rods. In dividing the line 17 F in the same pro- 
portion as the given point divides the link, we have 
considered the arc of the link ; this, as we have 
already explained, being under usual conditions 
suflSciently accurate for all practical purposes, but 
in the case of a link being used which is unusually 
curved, the points in the arc may be projected on 
to the chord by lines drawn through these points 
parallel to the centre line of the valve-spindle, and 
the line TJV should then be divided in the same 
proportion as the given points projected divide the 
chord. , 

L 2 
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PROBLEM XIX. 

Oivem (he ihraws of (he forward and ha^ikward ecceniric 
tkeaves and their pontions relative to ^ centre line of the 
crank; also ike length of the link and of the eccentric rods 
and rctdiuB rod. It ia required to ascertain what moticn 
the vahe-^ndle wiU receive from any given point in the 
Unk^ if the end of the radius rod with the slider is shifted 
to that point ; also given any position of the crank at which 
the cut-^ffof the steam shall take place^ it is required to 
find that position of the sUder in the link which wiU effect 
the same. 

Let the straight Ime AB (Figs. 37 and 38) 
represent the length of the link. From the points 
A and B as centres, and with a radins equal to 
the length of the eccentric rods, describe arcs 
intersecting at C, and from the same points as 
centres, and with a radius equal to the length of 
the radius rod, describe arcs intersecting at 27; 
through the points D and C draw the centre line 
DCE. Join CA. Draw OJ^and CG to represent 
the throws of the eccentric sheaves and their position 
relatiye to the real position, CE^ of the crank. From 
the point C as centre, and with radius equal to CI 
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or C O, describe the circle FOE cutting the centre 
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line, CD, in the point H; through this point diaw 
a straight line parallel to AB, cuttmg the line 
CA in. the point L From the centre (7, and with 
(7 J as radius, describe the arc LIM. Upon FC9& 
a diameter describe the valye-circle cutting the line 
AC in the point /. Through the points F and J 
draw a line cutting the centre line, CD, in the point 
jBT. Through this point draw a straight line parallel 
to AB^ meeting the arc LIM in the points Ij and 
M. Join LG and MC; these will be the virtual 
forward and backward eccentric arms, and represent 
the movements of the extreme ends of the link ; the 
movement of any intermediate point in the link 
may be found by dividing the line LMin the same 
proportion as the given point divides the arc of 
the link ; the proportion being taken in each case 
from that end of the link and of the line LM^ which 
are contiguous to the same eccentric rod, and the 
point in the line LM being so found it is only 
necessary to draw a line between it and the centre 
C, and this line will represent the throw and position 
of the single virtual eccentric arm, which, neglecting 
the theoretical error due to the angular motion of 
the rod already explained to be practically inappre- 
ciable, would, if connected by an eccentric rod direct 
on to the given point in the link, cause that point to 
move almost exactly as it is moved by the combined 
action of the real eccentrics and their oblique rods. 
For example, we will suppose that the slider is 
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>xoiiglit into tte position DJT, we then find the point 
> in the line LM^ which diyides that line in the 
^xne proportion, as the point N divides the link, so 
}ha.t as BN is to NA so is MO to OL. Join (7, 
bliis will represent the single virtual eccentric arm, 
which, if connected by a rod direct to the valve- 
spindle, neglecting any error due to the angular 
motion of the rod, would drive it almost exactly 
as it is really driven by the combined action of the 
eccentric sheaves, CF and C 0, with their oblique 
rods. Let GQhe one of the positions of the crank 
at which it is required that the steam shall be 
cut off from the cylinder. At the point B, where 
O Q intersects the lap-circle, erect a perpendicular, 
cutting the line LM in the point 8. Divide the 
link AB in the same proportion as the point 8 
divides the line LM, and let the point of such 
division in the link be T. Join 8G, this will 
represent the position and throw of the single virtual 
eccentric arm which, if connected direct on to the 
valve-spindle, would drive it almost exactly as it is 
really driven by the point T in the link under the 
combined motion of the eccentrics CF and GG. 
Upon 8 G SiS Sk diameter describe the valve-circle 
8 KG, intersecting the lap-circle in the same 
'point B, where it is already intersected by the 
centre line, CQ, of the crank. It will now be 
quite evident that when the slider is at the point 
T in the link, the port is closed, and the steam cut 



152 DESIONTNG YALYE OEABING. 

off when the crank reaches the position CQ as was 
required. 

If we describe the yalve-circle upon the virtual 
eccentric arm 0, we shall find that when the slider 
occupies the corresponding position at N in the link 
the port is closed, and the steam cut off when the 
crank reaches the position U. 
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PEOBLEM XX. 

The length of the link and of the radius and eccentric rods 
being knoum, and the vdlve-apindle brought into gear with 
the end or any other point in the linh^ and the lead, the 
point of cuJiroff and either the amount the port is to be 
opened at a certain position of the crank, or the utmost 
amount that it is to be opened by ihis point in the link for 
any position whatever of the crank being given, it is 
required to find the throw and position of the forward and 
backward eccentric sheaves and the lap of the valve. Also 
any position of the o'ank at which the cut-off of the steam 
shaU take pUzce being given, it is required to find that 
position of the slider in the link which will effect the same. 

Let the straight line AB (Figs. 39 and 40) 
represent the length of the link. From the points 
A and B as centres, and with radii equal to the 
length of the eccentric rods, describe arcs intersect- 
ing at C, and from the same points as centres, and with 
a radius equal to the length of the radius rod, describe 
arcs intersecting at D. Through the points D and 
C draw the centre line DCP, which will bisect the 
arc of the link in the point E. Join AG, Let 
F be the point in the link which is to drive the 
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valve-spindle by means of the rod D F^ and find by 
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f^roblem III. or Problem IV., as the case may be, 

the throw of an eccentric sheave, and its position 

relative to tlie real position, OP, of the crank, which, 

if connected by an eccentric rod direct on to the 

valve-spindle, would produce the required results. 

Find siso the lap of the valve, and transfer these 

particulars to the two link diagrams, drawing CO to 

represent the throw and position of this eccentric 

sheave, and describing the lap-circle about the centre 

<7. Through the point O draw IJ pcu^el to AB, 

making HI equal to HJy each bearing the same 

proportion to^G^as^^ bears to EF. Join 10 

and J 0; these will be equal to each other. And from 

the centre (7, and with radius Clot OJ^ describe the 

arc IKJy cutting the line CA in the point K. Through 

this point draw KL parallel to J.£, and meeting 

the centre line at the point L. From the centre (7, 

and with CL es radius, describe the circle NOP, 

then the real eccentric arms will be radii of this circle. 

Upon CH^ as a diameter, describe a circle cutting 

CAin the point M. Through H and M draw a line 

cutting the circle ^0 P in the point N. Set oS LO 

equal to LN, and join NO and 00. These will 

represent the real forward and backward eccentric 

arms, that is, the throws of the eccentric sheaves 

and their positions relative to the real position, OP, 

of the crank ; so that if these are connected by 

eccentric rods to the ends A and B respectively of 

the link, they will by their combined action cause the 
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point F to move almost exactly as thoagh it were 
oonnected direct to the eccentric sheaye, whose throw 
and position are represented by the line CG. Let 
OQ be the assumed position of the crank, repre- 
senting one of the given positions at which it is 
reqoired that the steam shall be cut off from the 
cylinder. At the point By where CQ intersects 
the lap-cirde, erect a perpendicular cutting the line 
IJ in the point S. Divide the link AEB in the 
same proportion as the point 8 divides the line 
IJy and let this point of division in the link be T. 
Join 80; this will represent the position and throw of 
the single virtual eccentric arm, which, if connected 
direct on to the valve-spindle, neglecting any error 
due to the angular motion of the rod, would drive 
it almost exactly as it really would be driyen by the 
point T in the link under the combined motion of 
the eccentrics CN and CO. TJfonSO as a diameter 
describe the valve-circle SHC, intersecting the lap- 
circle in the same point jB, as that in which it is already 
intersected by the centre line, Q, of the crank. It 
will now be quite evident that, when the slider is 
at the point T in the link, the port is just closed, and 
the steam cut off when the crank reaches the posi- 
tion C7 Q, as was required. If we describe the valve- 
circle upon the virtual eccentric arm O (7, we shall 
find that, when the slider occupies the corresponding 
position at F in the link, the port is closed and the 
steam cut off when the crank reaches the position C U* 
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ALLAN'S LINK-MOTION. 

We now come to the third form of link-motion, 
a combination of the two previous ones. For while 
these had the links curvedy the concave side in 
the one case being tnraed towards the shaft, and 
in the other towards the valve-spindle, this third, 
in which a straight link is adopted, forms, as it were, 
a mean between the other two. In the first arrange- 
ment the link itself was mpved relative to the valve- 
spindle ; but in the second the link remained still, 
while a rod, termed the " radius rod," and connected 
with the valve-spindle, was moved relative to the link. 
In the third arrangement, however, both the shifting 
link and a radius rod are employed and moved in 
opposite directions by means of a rocking shaft ; and 
as it is of the first importance that the two opposite 
movements thus imparted to the link and rod re- 
spectively should bear a definite ratio to each other, 
we shall presently describe the method of deter- 
mining this. In Allan's link-motion, as in Stephen- 
son's, the lead increases as the link is brought nearer 
mid-gear when open rods are used, and decreases 
with crossed rods; this variation in lead, however. 
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18, in both arrangements of rods, less than that which 
takes place with Stephenson's combination, but we 
have, as in Gooch's link-motion, to provide for two 
sets of rods moving radially about fixed or virtually 
fixed points. Hence, unless the engine is constructed 
with sufficient distance between the steam-chest 
and crank-shaft, we get our eccentric rods and 
radiuA-rod unusually short; and in very extreme 
cases of this kind, instead of describing valve-circles 
upon the several single virtual eccentric arms, we 
may project the ends of these on to the centre line 
by means of arcs described with a radius equal to the 
length of the eccentric rods, from a point in the centre 
line which represents the end of the valve-spindle 
at that moment ; but such are rarely, if ever, met with 
in practice. 
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PEOBLEM XXL 

Given the throws of the forward and hackward eccentric 
sheaves and their positions relative to the centre line of the 
crank, also the length of the Unk and of the radius and 
eccentric rods. It is required to know what motion the 
valve-spindle will receive from any given point in the link 
if the slider i^ hrought into gear with that point: Also, 
given the various positions of the crank at which the cut-off 
of the steam is to take place, it is required to find those 
positions of the slider in the link which will effect the 
same. 

Let the straight line A B (Figs. 41 and 42) repre- 
sent the length of the link. From the points A and 
B as centres, and with a radius equal to the length 
of the eccentric rods, describe arcs intersecting at 
C. From this point as centre, and with the same 
radius, describe the arc AEB, Bisect AB in D, 
and through the points C and D draw the centre 
line FB 0. Set oSDF equal to the length of the 
radius rod, and from the point F as centre, and with 
radius DF describe the arc GDH, cutting the arc 
AEB in the points and H. Join A C and Q C. 
Draw Cf and CJ to represent the throws of the 
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eccentric sheaves and their position relative to the 

real position, CUyOi 
the crank. From the 
point C/as centre, and 
with a radius equal 
to Glor CJ, describe 
the circle J/ ?7. Upon 
CJ as a diameter 
describe the valve- 
circle I KG, cutting 
AC and GC in the 
points K and M re- 
spectively. From the 
point I, and through 
the points K and M, 
draw straight lines 
cutting the centre 
line DJJm the points 
L and N respectively. 
From the point 0, 
where the circle IJJJ 
cuts the centre line 
B Uy draw P paral- 
lel to ^J5, cutting ff (7 
in the point P. From 
the point (7 as a cen- 
tre, and with radius 
CP, describe the arc 
QPB. Through the 
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point ^draw a straight line parallel to AS, meeting 
the arc QPB at 
tlie points Q and 
jR, Join Q C and 
RC ; these will be 
the single virtual 
eccentric arms for 
full forward and foil 
hackward gear re- 
spectively. Through 
the points Q, L and 
jB describe an arc of 
a circle; this will 
contain, as in 
Stephenson's link- 
motion, the ends 
of all the single 
virtual eccentric 
anus ; and in order 
to ascertain what 
motion the valve* 
spindle will derive 
from any given 
point in the link, 
we have only to 
find that point in 
the arc Q L By 
which divides it in 
the same proper^ 
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tion 88 the given point divides the link. Now 
8Qppo6ing that it is required to know what motion 
the valve-spindle would receive if the slider were 
at the point 8 in the link. To ascertain this, 
we have only to find a point T in the arc QLB 
which divides it in the same proportion as the given 
point £f divides the link ilJE;^; soihat AS is to SB 
as Q Tis to TjB: and join CT. Then GT vnll re- 
present the throw and position of an eccentric sheave 
which, if connected by a rod direct on to the valve- 
spindley neglecting any error due to the angular 
motion of the rod, would cause it to move almost 
exactly as it really does moye under the combined in- 
fluence of the real eccentrics and their oblique rods. 
We next have to ascertain what points in the link 
must be put into gear with the valve-spindle in order 
to cause the steam to be cut off at given positions of 
the crank. From the centre C, and vdth radius 
equal to the lap of' the yalve, describe the lap- 
circle. Draw OWand CX to represent the given 
positions of the crank, and let these lines cut the 
lap-circle in the points Y and a respectively. At 
these points erect perpendiculars cutting the arc 
QLB in the points h and e^ and in the link AB find 
the points m and n, which will divide it in the same 
proportion as h and e divide the arc QLB; then 
the point m in the link, being brought into gear 
with the valve-spindle, will effect the cut-off of the 
steam when the crank reaches the position C TF, and 
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the point n in the link will, in like manner, cause 
the steam to be cut off when the crank reaches the 
position ex. Upon GQ, Ce, CT, CI, and Oi de- 
scribe valve-circles, and through the points Z and d 
respectively, where the valve-circles T ZG bhA. Qde 
cut the lap-circle, draw G V and Gh; then G V will 
represent the position of the crank at which the 
steam will be cut off when the point S in the link, 
corresponding to the point T in the arc QLB, h 
brought into gear \\ith the valvcrspindle, and Gh 
will represent the position of the crank at which the 
steam will be cut off when the link is working in 
full gear. 
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PROBLEM XXIL 

The length of the link and of the radius and eccentric rods 
being ibiotm, and the valve-^ndle put into gear wUh the 
end or any intermedicUe given point in the link, and the 
lead, the point of cut-off^ and either the amount the port 
is to he open for a certain position of the crank, or the 
fUmost amount that it is to he opened hy this point in the 
link for any position whatever of the crank heing given ; 
it is required to find the throw and position of the forward 
and hackward eccentric sheaves and the lap of the vahe. 

Let the straiglit line A B (Figs. 43 and 44) re- 
present the length of the link. From the points 
A and B as centres, and with a radios equal to the 
length of the eccentric rods, describe arcs intersecting 
at C ; and from the point C as centre, and with the 
same radius, describe the arc A FB. Bisect AB ia 
D, and through the points C and D draw the centre 
line ED a Set oSDE equal to the length of the 
radius rod, and from the point E as centre, and 
with radius equal to DE, describe the arc FDGy 
cutting the arc A FB at the points F and (?. Let 
H represent that point in the Lnk which is required 
to drive the valve in accordance with the given par- 
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ticulars. Then by Problem III. or Problem IV., as 
the case may be, and 
in a separate diagram, 
'we ascertain the throw 
and position of an ec- 
centric sheave, which, 
if connected direct on 
to the valve-spindle 
by means of a rod. 
would drive the valve 
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in the manner required. We also, at the same time, 
ascertain the lap of the valve, and transfer these 
particulare to our link diagram (Figs. 43 and 44), 
making GJ to represent the throw and position of 
this eccentric sheave, and G V equal to the lap of the 
valve ; and from the point G as centre, and with a 
radius equal to G V, describe the lap-circle. From 
the centre C, and with radius GH, describe an arc 
cutting the arc FDG in the point J. Join HC, 
FGy and IG. With J G slq a diameter describe a 
portion of a circle LJK, cutting the centre line CD 
,in the point K, and with KG as a, diameter describe 
a portion of a circle KM, cutting the line IG in 
the point M. Through the points K and M draw a 
straight line meeting the arc L JK at the point L. 
Join L G. With i (7 as a diameter describe a portion 
of a circle LN, cutting the line EG in the point N, 
Through the points L and N draw a straight line, 
cutting the centre line GD in the point 0. Then, 
with its centre somewhere in the line JSJ TF, or in 
that line produced, describe an arc of a circle passing 
through the points /and 0. Set off OP and OQ 
equal to each other, and each bearing the same ratio 
to OJ as DA bears to DH. Join PG and QC. 
With P (7 as a diameter describe the part of a circle 
PB, and with OC as a diameter describe the part 
of a circle cutting the line AG in the point 8. 
Through the points and S draw the line 08B, 
cutting the arc P iJ in the point iJ, and about the 
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ntire C describe a circle passing through this point 

3t; off XJJ equal to XB^ and join CB and GTJ^ 

tiicli will represent the throws of the forward and 

actward eccentric sheaves and their position 

elative to the real position CW oi the crank; 

o that if these sheaves be connected to the two 

^xkds of the link by rods of a length equal to 

O Ff and the point H in the link be brought 

into gear with the valve-spindle, this point in 

tlie link being moved by the combined influence 

of the two eccentrics, will drive the valve almoa 

exactly as it would be driven by an eccentric, C/, 

connected direct on to the valve-spindle. The 

reason we make use of the circular arcs LK, KM^ 

L N, &c., is simply to obtain one line at right angles 

to another, upon the principle of Euclid, III. 31 ; 

and the reason that the point L falls in the arc 

LJE is as follows: — The line KC bears the same 

proportion to Jf (7 as /(/bears to LC; then if we 

were to join JK and complete the circle upon the 

diameter JC, the line JET (7 would cut this circle into 

two unequal parts, of which the segment KLC 

would be the greater, and contain the two angles 

EJO and KLG; but (Euclid, III. 21) these 

angles are equal to each other, and the angle J KG, 

being the angle in a semicircle, is a right angle, 

(Euclid III. 31). For the same reason the angle 

EMC is a right angle; therefore the adjacent 

angle, LMC, must also be a right angle, and the 
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Angle JKO IB equal to the angle LMC. Thus in 
the triangles CJK, CLM, the angle CJK is equal 
to the angle CLMy and the angle JKCis equal to 
the angle LMC; therefore the third angle LCMis 
equal to the third angle / (7 Z, and the triangle CJK 
is equiangular to the triangle CLM. Therefore, 
as the side KC is to the side JO, so is the side MG 
to the side L C (Euclid, VI. 4) ; and alternately as 
£"(7 is to Jlf (7, so is JCto L (7, which, for the reasons 
we explained in the general remarks on link-motions, 
is the relation these lines have to bear to each other. 
We would just mention that the point L (Figs. 
43 and 44) is really the same as the point jBr(rigs. 33 
and 34) in Stephenson's, and the point G (Figs. 
39 and 40) in Gooch's link-motion ; and is used in 
all three cases to obtain the single virtual eccentric 
arm for the link in mid-gear. In our Figs. (43 and 44) 
we have made the throws of the eccentric sheaves 
much larger in proportion to the length of the link, 
than they will ever be found to be in practice. This 
is done to make the points of intersection more 
distinct. 



Allan's link-motion. 169 



PEOBLEM XXIII. 

'27he length of the link and of the radius and eccentric rods 
being given, to find the line which contains the centre of the 
rocking-shafi, and the lengths of the two arms which carry 
the suspension links, to which the main link and radius rod 
are each aUxiched, 

In the straight line A B (Fig. 45) take any point 
<7, and at right angles to A B, draw CD to represent 
liaK of the link. From the point D as centre, and 
with radius equal to the length of one of the ec- 
centric rods, describe an arc cutting the line AB in 
the point E, and from this point as a centre and with 
the same radius describe the arc D P. From the 
point C, and upon the straight line A G, set oS C O 
equal to the length of the radius rod, and &om the 
point G as centre, and with the same radius, describe 
the arc (7 jBT, cutting the arc D jF in the point J. Join 
IG and IE. The point J will represent the end of 
the link and of the radius rod when the link is in fuU 
gear. In the line G C, which represents the radius 
rod when the link is in mid-gear, determine the point 
of suspension /. From the point G as centre, and 
with radius GJ, describe the arc L JK, meeting the 
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lie G^ J in the point K, and making JL equal to 
-K ,• and from the point E as centre, and with radins 
; <7, describe the are CM; and from the point J as 
autre, and with a radius equal to DC, describe an 
re cutting the arc CM in the point N; and make 
y O equal to CN. Join NK, intersecting the centre 
ine AB B.t the point P. Through this point 
I raw the straight line Qi2 at right angles to AB. 
Chen the centre of the rocking-shaft, carrying the 
TWO arms from which the link and radius rod are 
supported, will lie somewhere in the line Q B. Join 
K L and 2V, these lines will be at right angles to the 
line A B, and will intersect it at the points S and T 
respectively. Bisect the versed sines 8 J and OT, 
and through the points of bisection draw straight 
lines at right angles ixyAB. In the straight line Q B 
determine the point TT which is to represent the 
centre of the rocking-shaft, which effects the relative 
movements of the link and of the radius rod. Through 
the point tJ draw a straight line parallel to AB, 
cutting the lines which bisect the versed sines of the 
arcs KJL and OCN ia the points Fand W re- 
spectively. . Set off VX and V Y each equal toSK 
or SL, and from the points Xand Y respectively, 
draw Z A and Yh parallel to VW. Bisect VX in 
b and join TJh, and through the point 6 draw em 
at right angles to 176, cutting the perpendicular 
17 7 produced in the point m. From the point TJ as 
centre, and with radius Um^ describe the arc emn^ 
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meeting the perpendicular Xh and Yh in the points 
e and n respectively. Then Xe will be equal to Vm, 
that is, the arc emn has been so drawn that its versed 
sine is bisected by the same line as bisects the versed 
sine of the corresponding arc KJL. In the same 
manner we set oS W Z and Wa each equal to TO 
or TNy and proceed to obtain the arc vli meeting 
the perpendiculars Zh and ah eX the points v and t. 
Join ei, passing through the point TJ. Then the 
lines TJe and TJt will represent the lengths of the 
arms of the rocking-shaft, which carry the link 
and radius rod respectively, and the position of the 
same when the link is in full gear. Join Ke and 
Nty these lines will represent the length of the con- 
necting links by which the arms Ue and Ut are 
attached to the link and radius rod. 

The foregoing method of describing from a given 
centre an arc whose versed sine shall be bisected by 
a given line, will often be found useful in designing 
engine work, and as it may sometimes happen that 
the radius is known, but not the centre from which 
the arc is to be described, we will take the oppor- 
tunity of showing how this is to be ascertained. 

Let A B (Fig. 46) be the line which is to bisect the 
versed sine of the arc, and let CD represent the 
length of the chord of the arc Bisect (7D in JEJ, and 
through this point draw FQ perpendicular to CD. 
Bisect CE in. the point jBT, and from this point as 
centre, and with radius equal to half the given 
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'a.dins of the larger arc, describe an arc cutting the 
ine F G in the point J, and jfrom this point J as a 
centre, and with the same radius, describe the semi- 
circle JSK, passing through the point f and cut- 
ting the line FG in the points J and K. Then tbe 
point K will be the centre from which the arc is to 
be described with the radius KJy equal to the given 
radius* Through the point K draw the straight line 




L M parallel to A B, and draw ON and D parallel 
to F G. From the point -K^as centre, and with radius 
KJ equal to the given radius, describe the arc 
PJQ meeting the lines CN and D at the points 
P and Q respectively. Then GP and D Q will each 
be equal to JE, The proof is the same for both 
cases (Figs. 45 and 46), we need therefore only take 
the one (Fig. 46) in which we have the separate 
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diagram. Join (7 J, P /, and P E, also HKyPK, and 
PQ. Then in the triangles CEP, JHE.y^e have 
made the side GH equal to the side HE^ and the 
ano:le CHP is eqnal to the vertical opposite angle 
J HE ; and because GP has been drawn parallel 
to /^ and P/ meets them^ the alternate angle GP J 
is equal to the alternate angle PJE: therefore the 
triangle CHP is equal to the triangle J HE, and 
the side CP is equal to the side JE; but EB is 
equal to GP, therefore EBia also equal to JEy but 
/£ plus E By that is JB,is the yersed sine of the 
arc PJQy from which it is clear that the versed sine of 
the arc is bisected by the line A B passing through the 
point JEr. Again we can show that K P and KJ are 
radii of the same circle. In the triangles KHP, 
KHJ we have the side P H equal to the side JT /, 
because they are the sides opposite to the equal 
angles in the equal triangles GHP and J HE, and 
we have the side HK common to the two triangles 
KHP, KHJ, and the angle KHP equal to the 
angle KHJ, because they are both right angles 
(Euc. III. 31), the angle KHJ being the angle in a 
semi-circle (in the first case (Fig, 45) em was drawn 
at right angles to Ul) ; therefore the triangle KHP 
is equal to the triangle KHJ, and the side KP is 
equal to the side K J. 
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STEPHENSON'S AND ALLAN'S LINK- 
MOTIONS. 



EQUALISING THE LEAD. 



PROBLEM XXIV. 

We have already pointed out in Stephenson's link- 
motion (Tigs. 31, 32) as also in Allan's (Figs 41, 42) 
that the lead varies more and more as the valve- 
spindle is brought into gear with points nearer the 
centre of the link ; and although with rods and links 
of the same lengths in both cases, the variation is 
less with Allan's than with Stephenson's arrangement, 
still, as in the former link-motion, two sets of rods 
have to be provided for within the distance between 
the crank-shaft and steam-chest, the lengths of the 
eccentric rods when Allan's combination is used, are 
considerably shorter in proportion than they would 
be with Stephenson's ; hence, as a matter of fetct, in 
practice the variation in lead is nearly, if not quite, 
as great, whether a Stephenson or an Allan arrange- 
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ment be adopted. There is, howeyer, a metiiod at 
present in nse which enables ns to a great extent to 
get over this di£5culty, bnt only for one motion of 
the engine, and that at the expense of the reverse 
motion* Thus if we equalise the lead for ihe/or- 
%oard motion, we make the distribution of the steam 
so much the more imperfect when the engine is 
running Ixickwards. In engines, howeyer, which are 
only occasionally reyersed, and that for compara- 
tively short periods, this defect in the backward 
motion is not of much consequence, and we can afford 
to improve the yalye-gear for the forward motion at 
the expense of that in the reverse direction. 

K we refer to our diagrams (Figs. 31, 32, 41, and 42), 
we find that the various valve-circles intersect at 
points of which the point of intersection of the ftillgear 
and middle gear valve-circles forms, as it were, a mean: 
therefore to equalise the lead for the forward gear, 
we shift our two eccentrics round so that this point 
falls in the centre line CD, while the crank remains 
at its dead-point furthest from the cylinder. This 
being done, we find that while we have to a certain 
extent equalised the lead, we have also altered it, 
and have at the same time caused the cut-off to take 
place at a different position of the crank, and tb's 
alteration in the lead would have to be compensated 
for by altering the lap of the valve ; this again would 
vary the amount the ports are opened, and still 
further affect the position of the crank at which the 
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at-off takes place, so that it becomes necessary to 
ake all this into consideration in designing the valve- 
;ear from the first ; the method, however, of doing 
his differs in the Stephenson and Allan combinations; 
NG must therefore deal with them separately. 

^With Stephenson's link-motion, which is the sim- 
pler case of the two, the centre line A C (Figs. 31 
and. 32) passes through H, the point of intersection 
of tlie full gear and middle gear valve-circles, because 
FI (Pig. 31) and FH (Fig. 32) were drawn at right 
angles to AC, and the angles FHC and ISO are 
right angles in the two intersecting semi-circles 
FSCsLud JjBT (7, therefore these semi-circles inter- 
sect at the point where the two right angles are 
formed, that is in the point H where the line A G 
intersects the line drawn through F and jBT. We 
have therefore in all cases of Stephenson's link-motion 
only to shift the sheaves through an angle equal to 
A CD in. order to equalise the lead. With open rods 
we shift the sheaves in the direction the engine is to 
run with the equalised lead, but with crossed rods we 
shift them in the reverse direction; hence, with 
crossed rods an equalised lead may be obtained for 
both the forward and the backward motion of the 
engine by making the sheaves free to turn together 
I between stops on the shaft through an angle in each 
direction equal to A CD, the very reversal of the 
engine thus equalising the lead in the opposite 
direction* In deisigning a Stephenson link-motion 

N 
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with equalised lead we proceed exactly as stated in 
Problems XVll. and XVIII., except that when we 
have found CFia the former, or CHin the latter, ac- 
cording to the circnmstances of the case (see * p. 130 
or p. 136) we transfer it to onr link-diagram, setting 
it back from CD for open rods, SLnd forward toward 
CD for crossed rods through an angle in each case 
eqnal to A CD, greater or less than the angle which 
CFoT (/^should really make with the centre line 
CD, as found by Problems III. or IV., as the case may 
be ; having done this we complete the diagram as in 
Problem XVII. or XVIIL, and then we turn the 
eccentric arms with the curve of centres, and anv 
ringle^irtualeccentric anns wemay havefonnd, back 
again through the same angle A CD, so that OF or 
CH occupies its correct position with regard to the 
centre line CD. The centre line, CD, will then be 
found to pass through the point, in which the full 
gear and middle gear valve-circles will intersect. 

In Allan's link-motion the angle through which 
CF or CnhsL8 to be set back or forward cannot be 
so easily ascertained, as it is dependent upon the 
arrangement of the several details of each combi- 
nation, which renders the investigation more intricate ; 
the following construction, however, will give the 
angle required. 

In Problem XXII. we showed how to get out an 
Allan valve-gear which would yield results in accord- 
ance with certain requirements, but in that case the 
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Talve was to have the same lead for similar relative 
positions of the link and slider in forward and back- 
ward gear: we now have to design a valve-gear 
under precisely similar conditions as those given in 
Problem XXII., but with the sheaves so set as to 
give comparatively equal lead in one direction of 
motion of the engine. 

Let AB (Figs. 47 and 48) represent the throw 
of the single virtual eccentric arm and its position 
relative to the real position AC of the crank, so that 
if it were connected direct on to the valve-spindle by 
means of an eccentric rod, it would drive the valve 
in the same manner in which it is required that it 
shall be driven by the point S in the link (Figa. 43 
and 44). This can be obtained by either Problem 
III. or IV., according to circumstances, as already 
explained in Problem XXII. Produce C A to H. 
With S A (Figs. 47 and 48) as a diameter describe 
the arc of a circle BD and draw AD, making 
the angle BAD equal to the angle ICD (Figs. 43 
and 44). This line -4 D is drawn below A B with 
open rods, and above A B when cross rods are used ; 
then the point D (Figs. 47 and 48) will correspond 
with the point L (Figs. 43 and 44) ; and as in those 
figures a line drawn from this point and at right 
angles to CE will pass through the point 0, and 
we know the angle HCO, therefore with open rods 
(Fig. 43) the angle LOC must be equal to a right 
angle minus the angle SCO, for LO being at right 
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5 iV (7 is a right 
ingle. Again, with 
crossed rods (Fig. 
44), the angle LOO 
is equal to a right 
angle plus the angle 
H G O ; hence, in 
either case, if we 
describe npon the 
line i an arc of 
a circle, which shall 
contain the required 
angle iOO (Euclid, 
III. 33), the point 
must fall some- 
where on that arc. 
Draw A E (Figs. 47 
and 48), making the 
angle DAE equal 
to the known angle 
£rOO(Figs.43and 
44) ; this line A E 
is drawn above A D 
with open rods, and 
below it when 
crossed rods are 
used. Bisect A D 
in F, and draw FG 
at right angles to 
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A D, cutting AE in the point O. From this point as 
a centre, and with GA as radius, describe the arc 
DXA, and from the point B draw 5 J perpendicular 
to HA and meeting it in the point J. 

From any point / (lower portion of figures) as 
centre, and with a convenient radius, describe the 
arc KL (Fig. 47), ML (Fig. 48), and take a portion 
of this KM and bisect KM in N. Join NJ, and 
set off the angle NJO equal to the known angle 
BAH. In the arc MK take a point P which 
divides it in the same proportion as the given 
point in the link divides the link, the proportion 
being in each case taken from similar ends of the 
arc MK and the link AB. Join PK and produce 
it, and draw P JJ parallel to /O, and from the point 
P set off P JJ equal to A P, and from the point B 
draw B Q parallel to JK, and cutting the line PK 
produced in the point Q. From the points B and A 
as centres, and with P Q and B Q respectively as 
radii, describe arcs intersecting at the point S. If 
we now describe the arc of a circle passing through 
the three poiats B, J, and 8, this arc will cut the 
arc DXA in the required point X This is con- 
veniently done as follows. With the points J and S 
as centres, and with any radius, describe arcs inter- 
secting in the points T and U respectively. Join 
T U and produce it, and from the point F, where 
the line FG bisects the line -4 P passing through the 
centre from which the arc B D was struck, draw V W 
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parallel to HA, and intersecting the line T 17 pro- 
duced in the point W. This point will be the centre 
from which the arc that will pass through the three 
points By J, and 8 has to be described. From the 
point W as centre, and with radius equal to the dis- 
tance WB^ describe the arc B8I, cutting the arc 
D IK A in. the point X, which will be the point re- 
c^uired. Join -4 Xand produce it towards Y, then the 
angle YA H is the angle through which we have to 
shift the sheaves in order to equalise the lead. With 
open rods we shift the sheaves in the direction the 
engine is to run with the equalised lead, but with 
crossed rods we shift them in the reverse direction ; 
hence, as in Stephenson's link-motion, an equalised 
lead may be obtained for both the forward and 
hackward motion of the engine by using crossed 
rods, and making the sheaves free to turn together 
hetween stops on the shaft through an angle in each 
direction equal to YA H, the very reversing of the 
engine thus equalising the lead for the opposite 
direction of motion of the crank. The curve B SI 
is, strictly speaking, not an arc of a circle, though 
it so very closely approximates to one that it may, 
imder any circumstances, be considered as a true 
circular arc; nevertheless, where extreme accuracy 
is required, it is desirable to obtain the point 8^ so 
that it shall be at no great distance from where the 
point of 'intersection of the curve ifi^J with the arc 
DXA will take place. But as this cannot always 



184 DESIGNINQ VALVE GEABINa. 

be settled with any certainty beforehand, we may 
first take the point S wherever the construction 
may fix it ; and if it falls at too great a distance 
from where the arc described through the points 
By S, and I cuts the arc D X J., we can reconstruct the 
lower half of our figure, making the angle KJM 
equal to twice the angle XAI, as given by the 
preliminary construction. This will give a point S 
almost exactly coinciding with the point X 

In our two diagrams (Figs. 47 and 48) we have 
taken the arcs KL (Fig. 47) and ML (Fig. 48) as 
having their concave sides towards the same direction 
as those of the curves of centres would be. Thus, 
with open rods (Fig. 47), the aicKL has its concave 
side towards the point B, representing the centre of 
the shaft ; and with crossed rods (Fig. 48) the arc 
ML has its concave side away from this point. 
There is, however, no direct connection between 
these arcs and the corresponding curves of centres, 
and we have only taken the arcs in these respective 
positions to enable the point X in each case to fall 
hetween the points Jand 8 for the purpose of ensuring 
perhaps greater accuracy in determining the point 
X itself. If the point 8, is required to fall some- 
where beyond the point I (Fig. 47), then the arc 
KL must be concave towards the point U; but if 
we want the point 8 to fall between the points B 
and I (Fig. 48), we must invert the arc ML, so that 
its convex side shall face iJ. In either case, however, 
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it will be seen that the point S may happen to fall 
between X and J, which is not desirable, as 8 and I 
would then be so close together as to make it diflScult 
to ascertain the true position of the centre from which 
to describe the arc B 81. This may be avoided by 
making the angle MJK, in both cases, large enough ; 
or, where this is not easy to determine beforehand, 
we may first find the point X approximately, and 
then reconstruct the lower half of our diagram, as 
before explained, and find X with the greatest accu- 
racy. We have only to bear in mind that with open 
rods the saigleBAS is the given angle BAIplm half 
the assumed angle KJM, and with crossed rods it is 
the angle B A I minus half this assumed angle. The 
foregoing construction applies to cases in which A B 
represents the single virtual eccentric arm, referring 
to an intermediate point in the link ; where, however, 
AB, corresponding to (7P (Figs. 43 and 44), re- 
presents the single virtual eccentric arm referring to 
either end of the link, our construction is as follows. 
With B A (Figs. 47 and 48) as a diameter, describe 
the arc of a circle B B and draw A D, making the 
angle B AD equal to the angle FCB (Figs. 43 and 
44) ; this line is drawn below A B with open rods, 
and above AB when crossed rods are used, then 
AD will correspond with GB (Figs. 43 and 44). 
Upon J. D as a diametqr describe an arc of a circle 
(Euclid, III. 33) which shall contain an angle equal 
to the angle BOG (Figs. 43 and 44), which, as we 
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have already explained, is for open roAa, equal to a 
right angle iniwus the angle AC By and for crossed 
rods to a right angle plus the angle A CD. Draw 
AE (Figs. 47 and 48), making the angle DAE 
equal to the known angle AC D (Figs. 47 and 48). 
This line AE is drawn above AD with open rods, 
and helow it when crossed rods are used. From 
the point B draw BZ At right angles to AH, and 
cutting the arc DXA a.t the point Z. From the 
point A draw A a, passing through this point. 
Then the angle HAa ia the angle through which 
we have now to shift the sheaves in order to 
equalise the lead, as already explained in the pre- 
vious case. 

In designing an Allan link-motion with equalised 
lead we proceed exactly as stated in Problem XXII., 
except that when we have found by Problem III. or 
IV. the length of CJ, and its position relative to CD, 
we transfer it to our link diagram, setting it hack 
from CD for open rods, and forward towards CD for 
crossed rods, through an angle in either case equal 
to Y-4B'(Figs. 47 and 48), greater or less, as the 
case may be, than the angle J CD (Figs. 43 and 
44). We then complete the diagram as set forth 
in Problem XXII., and turn the eccentric arms 
with the curve of centres, and any single virtual 
eccentric arms we may have found, back again 
through the same angle YAH; so tibat CJ occu- 
pies its correct position with regard to CD, and CD 
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will then be found to pass through the point at 
wliich the full gear and middle gear valve-circles 
intersect. 

In our Figs. (47 and 48) the line T W appears to 
pass through the required point X; it does not, 
lioivever, necessarily do so. 



188 DESIGNING VALVE GEARING. 



LINK EXPANSION-GEARS. 

We have already pointed out how expansion- 
gearing may be made variable either by shifting 
the eccentric sheave or by altering the lap of the 
cut-oflf valve; but we have now to deal with ex- 
pansion-gearing in which the cut-oflf valve is driven 
by an intermediate link in the same way as the main 
valve is driven in reversing combinations. There 
is, however, this great diflTerence in the link itself: 
that used in expansion-gearing corresponding to only 
one-half of a link, such as is used in reversing com- 
binations, and it has, besides, only an eccentric rod 
attached to one end of it, the other being dealt with 
in the case of Stephenson's and Allan's links in a 
diflTerent manner from that in which it is treated 
in Gooch's. In the two former this end of the 
link, which corresponds to the centre point of a 
reversing link, is either attached to a rod similar 
to an eccentric rod, the strap of which embraces 
a sheave not eeeentric to but concentrie with the 
crank-shaft, or it is attached to a block sliding 
in a slot curved to an arc of a circle struck from 
the centre of the crank-shaft; and in either case 
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its position relative to the valve-spindle is changed 
in tlie same manner as in the .corresponding link- 
reversing motion, the attachment to the link for 
that purpose being at its fixed end, which in all 
three forms of link virtually corresponds with the 
centre point of a link in a similar reversing-gear^ 
and i^hen the eccentrics are set so as to give that 
point no appreciable movement, which is the case 
when the valve has neither lap nor lead. In the 
case of a Gooch's link being used, the eccentric rod 
is c^ttacbed to one end of the link, while the other is 
carried laj a fixed stud. 
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EXPANSION GEAR WITH STEPHEN- 
SON'S LINK. 



PEOBLEM XXV. 

Criven the length of the link and of the eccentric rod and the 
throw of the sheave ; it is required to find what motion 
the ea^ansionrvalue will receive from any point in the link. 
And conversely, given the length of the link and of the 
eccentric rod, and the travel which the valve is to receive 
from any given point in the link; it is required to find the 
throw of the eccentric sheave. 

In the straight line A B (Fig. 49) take any point C, 
and with this point as centre, and with a radius equal 
to the length of the eccentric rod, describe the arc 
BF, making D^ and ^ J' each equal to the length of 
the link. Join B G and F G. From the centre C, and 
with radius equal to the throw of the eccentric sheave, 
describe the circle OBH. From the point C draw 
C O ^t right angles U) CB, and with a centre some- 
where in the line AB describe an arc of a circle 
passing through the points O and G. Having now 
obtained the curve of centres OKC, we ascertain by 
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Problem XIV. the position of the expansion eccentric 
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sheave relative to the reed position of the crank, and 
we draw CHm that position, and describe the curve 
of centres HJG with the same radius as we described 
the arc GKC, Then, if we wish to ascertain what 
motion any point J in the link will transfer to the 
valve-spiudle, we have only to take a point / in 
the arc GJHy which divides it in the same propor- 
tion as the point I divides the link (the proportion 
being taken in each case from the centre G and the 
end E of the link), and join CJ, The line CJ will 
represent the throw and position of the single virtual 
eccentric arm, which, if connected direct on to the 
valvcHspindle by an eccentric rod, would cause the 
valve to travel almost exactly as it actually does 
travel under the influence of the real eccentric CH 
and the link D E. The end E of the link has no 
travel, but is attached to a rod, E Cy similar to the 
eccentric rod and of the same length ; but the strap 
at the end G is not attached to an eccentric sheave, 
but embraces the shaft, a journal being formed on it 
for that purpose. But as there is in that case con- 
tinual wear going on as the shaft revolves, the end 
C of the rod EG is sometimes held by a stud fixed 
on to some part of the framing as near to the 
shaft as possible. In other cases, the rod EG is 
dispensed with, and the end E of the link is carried 
by a block sliding in a slot curved to an arc struck 
from (7, the centre of the shaft. In either case the 
link is shifted into diflerent positions by a connecting 



EXPANSION GEAB WITH STEPHENSON's LINK. 193 

link, one end of which is attached to the point E of 
the expansion-link, the other being carried by a 
lever or screw-gear. The dotted lines ^jPand FG 
represent the link and rod when the link is in full 
gear. 

We now come to the converse case, in which any 
jpoint in the link being giveUy and the motion the valve- 
spindle is to receive when that point is hrouglH into 
gear with it, we have to find the throw and position of 
the eccentric sheave. 

Let J be the given point in the link, and CJ 
represent the throw and position of an eccentric 
sheave which would give the required motion to the 
valve. This may be ascertained by either Problem 
VII., XL, XII., or XV. Join CI aad draw CK 
equal to (7 /and at right angles to CI: and with a 
centre somewhere in the line A B describe the arc 
of a circle passing through the points K and 0, and 
continue this arc to G, so as to make K G bear the 
same proportion to KG sls DI bears to IE. Join 
C G. From the centre (7, and with radius G G, de- 
scribe the circle GBH. Through the points C^and 
J", and with the same radius as that with which we 
just described the arc GEG, describe the arc GJS, 
cutting the circle GBH in the point S. Join CH. 
Then OH will represent the throw and position of 
the real eccentric arm, which, if attached by a rod 
CD to the point D of the link, would cause the given 
point I to impart to thfe valve-spindle, when brought 

o 
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into gear with that point, a motion almost exactly < 
similar to that which it would receive if driven direct 
by the given eccentric arm OJ. 

In order to make the matter quite clear, we 
have shown (p. 204, Fig. 52) how the full expaiision 
diagram is set out when Stephenson's or Allan's link 
is used. 
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EXPANSION GEAR WITH aOOCH'S 

LINK. 



PROBLEM XXVL 

(riven the length of the link and of the eccentric und roMus 
rods and the (krow of the sheave ; it is required to find 
what motion the expansion valve vdll receive from any 
point in the link. And conversely^ given the length of the 
link and of the eccentric and radius rods, and the travel 
which the valve is to receive from any given point in the 
link '; it is required to find ifie throw of the eccentric 
sheave. 

Let the arc A B (Fig., 50), struck from the centre 
C with radius equal to the radius rod C A, represent 
the link; bisect J. -B in 2?. Join GB and produce 
it; from the point A as centre, and with radius 
equal to the length of the eccentric rod, describe an 
arc cutting the line OB produced in the point E. 
Join AE; and from the point E as centre, and with 
radius equal to the given throw of the eccentric 
sheave, describe the circle FGH, and draw EF a.i 
right angles to EA. At the point O, where the 

o 2 
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oia4e FKH cuts the o&kire line DE, draw Grl at 
t right angles to DE^ and 

fC catting the line EA at 

the point J. From the 

centre Ey and with EI 

j as radius, describe the 

I arc IJ; and from the 

point E draw EJ at 
right angles to D E^ and 
meeting the arc IJm the 
point J, then the angle 
JEF will be equal to 
the angle lEQ; and, 
as in Grooch's reversing 
link-motion, the line EJ 
represents the throw and 
position of the single vir- 
taal eccentric arm, re- 
ferring to the motion of 
the Talre spindle when 
the link is in full gear, 
at the same time the line 
EJiA the line containing 
the ends of all the single 
yirtnal eccentric arms, 
and as ecu^h of these 
arms will be drawn from 
the point E^ the line EJ 
will contain not only the 




J 
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ends but the arms themselves. Having now obtained 
this line EJ, we ascertain by Problem XIV. the 
position of the expansion eccentric sheave relative 
to the real position of the crank, and we draw E K 
in that position and EL in the same relative posi- 
tion ioEK that JB-F has to EJ; then EL will be 
the position of the actual eccentric sheave relative 
to the real position of the crank. If we now wish to 
ascertain what motion any point M in the link will 
impart to the valve spindle, we have only to find a 
point N in the line EK which divides it in the same 
proportion as the point M divides the Hnk (see p. 
113), the proportion being in all cases taken from the 
end B of the link and the end E of the line EK; 
then EN will represent the throw and position of 
the single virtual eccentric sheave, which, if connected 
direct on to the valve spindle by an eccentric rod, 
would impart to it almost exactly the same motion 
as it receives from the point M in the link. With 
regard to the method of carrying the link, as in 
Gooch's aiTangement the link itself is not shifted 
with reference to the valve spindle, and the end B of 
the link receives no motion from the eccentric, 
this point in link-expansion motions is carried by a 
stud fixed on to the framing of the engine, and the 
radius rod (7-4 is shifted relative to the link by the 
same means as are adopted with Gooch's reversing 
link motion, either a lever or screw-gear being used. 
We now come to the converse case, in which any 
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point in the link heing given, and the motion 
which the valve spindle is to receive when that point 
is brouffht into gear with it; to find the throw 
and position of the acttial eccentric sheave. Let M 
be the given point in the link, and let EJV represent 
the throw and position of an eccentric sheave, which, 
if connected by an eccentric rod direct on to the 
valve spindle, would give it a motion similar to that 
which it is required to be given to it by the point 
M in the link ; this may be obtained by either Pro- 
blem VIL, XL, XIL, or XV. Produce ENto E, 
making NE to bear the same proportion to NE as 
MA bears to Jf JB,then EE will represent the single 
virtual eccentric arm referring to the travel of the 
valve spindle, when the link is brought into fuU gear. 
We have now to find the throw and position of the 
actual eccentric arm and its position relative to the 
real position of the crank. Upon EE asA diameter 
describe a circle, and draw EL meeting the circle, 
and making the angle LEE equal to the angle 
lEQ. Then L E will represent the throw and posi- 
tion of the actual eccentric sheave required. In 
order to show how this problem is applied we have 
set out a full expansion diagram for Grooch's li^lr 
(see p. 208, Fig. 53). 
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e:xpansion geab with Allans 

LINK. 



PEOBLEM XXVII. 

driven the length of the link and of the eccentric and radius 
rods and the throw of the sheave ; it is required to find 
fffJuU motion the expansion valve toill receive from any 
point in the link. And conversely, given the length of the 
link and of the eccentric and radius rods, and the travel 
which the valve is to receive from any given point in the 
link ; it is required to find the throw of the eccentric sheave. 

In the straight line A B (Fig. 51) take any point 
C7, and at right angles to AB draw CB to represent 
the link. From the point B as centime, and with a 
radins equal to the length of the eccentric rod, de- 
scribe an arc cutting AB m the point E. With 
this point as centre, and with a radius equal to the 
throw of the eccentric sheave, describe the circle 
HOBf and finom the same centre, and with radius 
equal to the length of the eccentric rod, describe the 
8iiQ BF. Set oflf 0-4 equal to the len^ of the 
radius rod, and from the point A as centre, and with 



If •■ 




egiul V- AC^ deasibe an are cutting the 
-f* Mr DP in the point F. 

Join FE and DEy and 
dn V £ 6 at right angles 
to ED. From the point 
EL whexe the circle f G£ 
cats the centre line A B, 
an] at right angles to 
AB. diaw JJ cutting the 
iJTk* EF in the point I 
Frosn the centre £, and 
MTXsi EI as radios, de- 
scribe the dide J/ J; 
cnw EJj making the 
ai^de JE G equal to the 
ande FEC, and with a 
C€j:t2e somewhere in the 
lirre CB produced, de- 
scrilie an arc of a circle 
passing through the 
pc-iDts /and E, Haying 
now obtained the curve 
of centres JOE, we 
ascertain by Problem 
XIV. the position of the 
expansion eccentric 
sheare lelatiye to the real 
position of the crank, and 
we draw EK in that 
J/ 
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>osition, and describe the curve of centres ENK 
vith. the same radius as that with which we described 
:he arc JOE, and we draw EL in. the same relative 
position to EK as EG has to E J; then EL will be 
the position of the actual eccentric sheave relative to 
the real position EB oi the crank. If we now wish 
to ascertain what motion any point M in the link 
will impart to the valve spindle, we have only to 
find a point JVin the arc ENK which divides it in 
the same proportion as the point M divides the link, 
the proportion being in every case taken from the 
end G of the link and the end E of the aic Join 
EN; the line EN will represent the throw and posi- 
tion of the single virtual eccentric arm, which, if 
connected direct on to the valve spindle by an 
eccentric rod, would cause it to travel almost exactly 
as it actually does travel under the influence of the 
real eccentric EL and the link 2) (7, when the 
point M is brought into gear with the valve spindle* 
The end (7 of the link has no travel, but is connected 
to a rod, CE, similar to an eccentric rod, but of 
a shorter length, the proportion being as (7^ is to 
D E, the strap of which rod, however, is not attached 
to an eccentric sheave, but embraces the shaft, a 
journal beiug formed on the latter to receive it ; but 
as there is in that case, as we pointed out with regard 
to Stephenson's arrangement, continual wear going 
on as the shaft revolves, the end of the rod CE is 
sometimes held by a stud fixed on to the framing as 
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near to the shaft as possible ; in other cases this rod 
is dispensed with, and the end (7 of the link is carried 
by a block sliding in a slot curved to an arc struck 
from E the centre of the shaft. In either case the 
link and radius rod are shifted relative to each other 
in the manner explained in Problem XXIII. 

We now come to the converse case, in whicli any 
point in the link hdng given, and the motion the valve 
spindle is to receive when thai point is brought into 
gear vdth it ; U is required to find the throw and posi- 
Hon of the actual eccentric sheave. Let the point M 
(Fig. 51) be the given point in the link, and let EN 
represent the throw and position of an eccentric 
sheave, which, if connected by an eccentric rod direct 
on to the valve spindle, would give it a motion similar 
to that which it is required shall be given to it by 
the point Jf in the link; this line ENmsij be ob- 
tained by either Problem VIL, XI., XII., or XV. 
Join EM, and from centre E, with radius EM, 
describe an arc cutting the arc J^ in the point P. 
Join PE, and upon EN sis diameter describe a 
circle, and, draw E Q, meeting this circle at the point 
Q, and making the angle QEN equal to the angle 
PEC. Draw EB equal to £ Q and at right angles 
to E 3f, and draw E equal to EN, and making the 
angle BEO equal to the angle QEN. Then with 
a centre somewhere in the line GB produced, de- 
scribe the arc of a circle passing through the points 
Q ar^A Br cmd continue this arc on to /, making J 
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to bear the same proportion to OE as D M bears to 

M G. Join JE. From the centre E, and with radius 

^Jy describe the circle J IK. Through the points 

N and E, and with the same radius as that with 

which we described the arc OE, describe the arc 

ENKy meeting the circle JIKeX the point K. Join 

E K. This line EK will represent the single virtual 

eccentric arm referring to the motion of the valve 

spindle when the link is put into full gear. Upon 

EK B.% a. diameter describe a circle and draw EL, 

meeting the circle at the point L, making the angle 

KEL equal to the angle GEF. Then the line 

^EL will represent the throw and position of the 

actual eccentric sheave required. 

In order to show how this problem is applied, we 
have set out a full expansion diagram for Allan's and 
Stephenson's link motions (see p. 204, Fig. 52), 
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STEPHENSON'S AND ALLAN'S LINK 
EXPANSION DIAGRAMS. 



PEOBLEM XXVm. 

The application op the Oubve op Centres is 
Stephenson's and Allan's Expansion Link 
Diagrams to an ordinary Expansion Dia- 
gram. 

Let the straight lines AB and CD (Fig. 52) be 
perpendicular to each other and intersect at the point 
Ey and let JE? -F represent the throw of the main valve 
eccentric sheave and its position relative to the real 
position EAoi the crank. From the centre E^ and 
with radius EF, describe the circle FMD. Upon 
JE^^as a diameter describe the primary main valve 
circle. Let E G represent the earliest point of cut- 
oflF that will be required, and let the line E G cut the 
valve-circle FNE in the point H. Join FH and 
produce it. From the centre E, and with radius 
equal to CH in Stephenson's arrangement (Fig. 49), 
or EK in Allan's (Fig. 51), describe the arc of a 
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circle cutting the line FS produced in the point I. 
Join IE. Then the line IE will represent the 
throw of the eccentric arm which virtually drives the 
expansion valve, when the link is put into full gear. 




and the position of that arm relative to the real posi- 
tion EAoi the crank ; and, taking the expansion valve 
as having no lap either positive or negative (in which 
form, as we have already previously explained, it 
effects the sharpest cut-off of the steam), we find that 



j 
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wten the link is put into full gear, the steam is cut 
off at the position EGoi the crank, passing through 
the point where the primary expansion and main 
valve-circles intersect. If we now describe upon IE 
the curve of centres as obtained by either Problem 
XXV. or XXVII., we can ascertain the points in the 
link which will effect the cutting 6ff of the steam at 
the various required positions of the crank. Let it be 
required to find any points in the link which will cut 
off the steam when the crank reaches such a position 
as JEy cutting the main valve-circle in the point K. 
From the point jPdraw a line through this point, 
and cutting the curve of centres in the point L: we 
have then only to find a point in the link which will 
divide it in the same proportion as the point L 
divides the curve of centres, and this will be the point 
in the link which will effect the cut-off of the steam 
at the corresponding required position of the crank. 
Since we have taken the valve as having no lap, 
the simple intersection of the primary main valve- 
circle with the several expansion circles gives us the 
respective points through which the centre line of 
the crank passes when the expansion valve closes 
the steam-port ; if, however, the valve has any lap 
either positive or negative, from the centre E and 
with the amount of lap as radius describe the lap- 
circle. Draw EM to represent the position of the 
crank at which it is required that the steam shall 
be cut off, and let EM cut the main valve-circle in 
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the point N. Set off NP equal to EO; and at the 
point P, and perpendicular to EM, draw a line cutting 
tlie curve of centres at the point Q, Join Q JP, and 
draw E B parallel to it ; also draw Q B parallel to 
FE, and cutting EB in the point B. Upon EB 
describe the resultant circle which will pass through 
O, the point of intersection of the lap-circle and the 
line ME. Hence the point in the link which will 
effect the cut-off of the steam at the position EM oi 
the crank is that point which divides it in the same 
proportion as Q divides the curve of centres IL K 
In the present case (Fig. 52) we have taken the ex- 
pansion sheave dA following that of the main valve: this 
is done because the points of cut-off are, so to speak, 
behind EFy the centre line of the main valve eccen- 
tric sheave, therefore the main valve is travelling 
from right to left when the cut-off is taking place ; 
and in order that this cut- off may be as sharp as 
possible, we place the expansion eccentric sheave so 
that the expansion valve shall effect the same when 
it is travelling in a direction opposite to that of the 
main valve. And as in the present case the expan- 
sion valve cuts off the steam when the main valve 
itself is closing the port in the cylinder, or at least 
moving in the direction to do so, while the expansion 
valve is moving in the opposite direction, it is clear 
that the expansion valve must be made either with 
ports through it, or at any rate so that the cut-off 
edges, as it were, follow the valve. 
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GOOCBTS LINK EXPANSION 

DIAGRAM. 



PROBLEM XXIX, 

Thk appligatiok of the Line of Centres in 
Grooc^s Expansion Link Diagram to an 
OBDiNABT Expansion Diagram. 

Let the straigbt Imes AB.CD (Fig. 53), be at 
light angles to each other and intersect at the 
point Ej and let EF represent the throw of the 
main yalve eccentric sheave and its position relative 
to the real position, EAj of the crank. From the 
centre J?, and with radios EF^ describe the circle 
FOO. Let the expansion valve have a negative lap, 
and from the centre E with this lap as radius, de- 
scribe the lap-cirde, and let E S represent the position 
of the crank, at which it is required that the cut-off 
shall take place when the link is in full gear, and 
let the line EBcat the circle upon FE in the point 
jr. Set off JK equal to JE? I the radius of the lap-circle, 
and at the point K draw KL perpendicular to EH, 
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and from the centre E, and with radius EL, eqiial 
to £JSr, ascertained by Problem XXVL (Fig. 50), de-- 
scribe an arc of a circle cutting KL in the point L. 
Join L Ey then L E will represent the line of centres 
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EK (Tig. 50), and it will also represent the single 
virtual expansion full-gear eccentric arm. Join FL 
and draw EM parallel to it, and iJf parallel to EF, 
and cutting the line EM ei,t the point M, then the 

p 
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line £ If will be the diameter of the pri mary resultant 
circle. Produce ME to JV, making EN equal to EM, 
and upon ME and EN as diameters describe circles; 
these will be the primary and secondary resultant 
circles respectively, and the secondary resultant 
circle will cut the lap-circle in the same point I in 
which it cuts or is cut by the line EH; hence the 
expansion valve closes the port in the main valve, 
and cuts off the steam, when the crank reaches the 
position EH as was required. Similarly we can find } 
the intermediate points in the b'ne of centres EL, 
which will cause the steam to be cut off in other given /] 
positions of the crank. Let it be required, for 
instance, that the steam shall be cut off when the 
crank reaches such a position b» EO, intersecting the 
main valve-circle at the point P. From P set off 
P B equal to EQ the radius of the lap-circle, and at 
the point JS erect a perpendicular to J^ 0, meeting the 
line of centres in the point 8, then E 8 will represent 
the single virtual expansion eccentric arm which will 
effect the cut-off of the steam at the position E of the 
crank ; and to satisfy ourselves of this, we have only 
to construct the corresponding resultant circles, the 
secondary one of which will pass through the point 
Q in which the lap-circle and the line E already 
intersect. In the present case we have taken the 
expansion valve as having negative lap, but we can 
still more easily determine the position of, and the 
points in, the line of centres J^i, if we consider the 
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expansion valye as having no lap at all^ and require 
that i^hen the expansion link is in full gear, the cut- 
off of the steam shall take place when the crank 
reaches such a position as J? TT intersecting the main 
valve-circle in the point T; we have then only to join 
F T and produce it till it cuts or is cut by the arc de- 
scribed from the centre E with radius EL, equal to 
E K (Fig. 50) and join EL; similarly we can find 
any other single virtual expansion eccentric arm in the 
line EL. In. any case, however, whether the expansion 
valve has lap or not, having found the required points 
in the line of centres EL^ we find the corresponding 
points in the link which divide it in the same pro- 
portion in which the points found in the line of centres 
divide that line, the proportion being in every case 
taken from the end E of the line of centres and the 
end of the link which is fixed. It is clear that the 
same results as the foregoing can be obtained, with- 
out the use of a link combination, by adopting, 
instead, some means by which the actual throw of 
the expansion eccentric sheave itself can be varied, 
either by hand-worked gear or by the action of a 
governor. 
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REVERSING WITH SHIFTING 
ECCENTRIC. 



PROBLEM XXX. 

This reyersing gear is made in several formsy the 
simplest of which is perhaps that with the eccentric 
sheave loose upon the shaft, and free to revolve round 
the shaft through a given angle between fixed stops, - 
against either of which it is kept by the resistance of 
the slide-valve; and the reversal of the engine is 
effected by disconnecting the eccentric rod from the , 
valve spindle and working the valve by a hand lever ' 
just sufficient to start the crank-shaft revolving in | 
the opposite direction, and to bring the other stop 
into gear with the eccentric sheave, when the eccen- 
tric rod is either thrown or throws itself into gear J 
again with the valve spindle, and the engine con- ' 
tinues to work in the reverse direction. Most of the | 
engines of the penny steamers which ply on the river *^ 
Thames are reversed in this way. In another arrange- 
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ment of this form of reversing gear, the eccentric 
sheave is caused to revolve round the shaft through 
the given angle and at a speed greater than that 
at which the shaft itself is revolving, it thus over- 
takes the shaft as it were, and comes into- gear 
with the stop, which applies to the reverse motion 
of the engine; the motion of the valve is thus 
reversed, and the crank commences to revolve in 
the opposite direction, and the stop, which was pre- 
viously overtaken by the eccentric sheave, is now 
driving that sheave before it, hence there is no 
danger of the engine again reversing itself There are 
several arrangements for causing the sheave to over- 
take the shaft, such as the loose sleeve and screw 
gear, but which it is beyond the province of the 
present treatise to go into; all we have to determine 
at present is the angle through which the sheave 
has to be shifted, in order to reverse the motion of 
the engine. 

Let the straight lines AB,GB (Fig. 54), be at 
right angles to each other and intersect at the point 
E, By Problem III. or IV. we ascertain the throw 
of the eccentric sheave for the forward and backward 
motion of the engine respectively, and its position in 
each case relative to the real position E A of the crank. 
From the point E as centre, and with radius equal to 
the throw of the sheave, describe the circle ACBDy 
and draw E F and E G, making the angles CEF and 
DEO each equal to the ascertained angle of advance. 
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Then the angle FEG will be the angle throngli 
which the sheave must revolve npon the shaft in 
order that the engine may nm in the reverse direc- 
tion. 

There is another form of reversing gear with 
shifting eocentricy known as the ''Wedge motion 




gear/* in which, instead of the sheave being arranged 
to revolve partly round the shaft, it is made with an 
oblong slot through it^ the sides of which fit on two flat 
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sliding faces on the shaft itself^ so that the sheave can 

be moved in a direction parallel to JFG in a plane at 

riglit angles to the axis of the shaft, through a limited 

distance, while at all times it must revolve with the 

sliaft. The centre line of the slot has to be a distance 

JE S (Fig. 54) from the true centre of the eccentric, 

and the length of this slot must be such that the sheave 

can be shifted at right angles to the axis of the shaft, 

through a distance FHoiHOm each direction from 

its middle position. Hence if we consider the point E 

to represent the true centre of the sheave, then the line 

F G will represent the relative position and direction 

of the slot and the distance through which the sheave 

itself must be capable of being slidden, in order to put 

the engine from full gear in the one direction, into 

full gear in the other, the total length of the slot 

itself being greater than i'' 6 by an amount equal to 

the space taken up by the shaft and the two wedges ; 

this additional length being set off equally in the 

direction HF and the direction HO, the point Jf 

thus remaining the centre of the slot. In practice this 

shifting of the sheave is effected by sliding wedges 

working in grooves in the shaft, one at each end of 

the slot, which, as we have just explained, is made of 

extra length to admit them without diminishing the 

amount the sheave has to slide. These wedges are set 

with their ends reversed, and they are connected by 

suitable gearing with the reversing lever or screw. 
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APPENDIX TO PROBLEM XV. 

Hayisg obtained the particulars for the main 
valve by Problem VL, as in the previous case 
(Problem XV.), we proceed as follows to obtain 
the particulars for the expansion valve. In the 
straight line AB (Fig. 25a) take any point (7, 
and draw CD to represent the position of the 
crank, at which the port in the partition is to be 
op^n the given amount; and CE its position when 
the expansion valve is required to close the port 
and cut off the steam ; and CF its position, at which 
it is found by Problem VI. that the main valve 
closes the port in the cylinder. Produce FG to G; 
and upon (70 set off (7 fl" to represent the amount 
that we require the expansion valve still to be over- 
lapping the port in the partition, at the moment the 
main valve closes the port in the cylinder. From 
the point ifset off HI to represent the amount of 
lead which the expansion valve is to have, and this 
should of course be more than that of the main 
valve. Produce BG to J, and upon GJ set off CK 
to represent the amoimt which the port is to be 
open for the given position GB oi the crank. From 
the point K draw KL at right angles to OJ, and 
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through the point C draw MN at right angles to 
GE ; and through the point H draw NO bi right 




Fvg ZSo/ 

angles to CG^ intersecting the line KL in the point 
P, and the line MN in the point N. Upon these 
lines NM and NO^ respectively, set oS NQ equal 
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to SB^ and from the points Q and B as centres, 
with any convenient ladins, dpscribe arcs intersect- 
ing at any pomt 8. Join 8K From the point P, 
where the lines KL and NO intersect^ set off, upon 
the line PO, P r equal to PK. From the points 
K and T as centres, with any convenient ladins, 
describe arcs intersecting at any point U. Join 
UPy cutting the b'ne N8 in the point F. Then, 
taking the point C to represent the centre of the 
expansion sheave, the point V will represent the 
centre of the crank shaft. Join C V and produce this 
line to W, making VW equal to VC. Then VC 
will represent the throw of the expansion sheave, 
and be the diameter of the primary and V W that 
of the secondary expansion circle; upon these 
diameters describe the respective circles, and from 
the point F as centre describe the lap circle touch- 
ing the lines NM, KL, and NO. Draw FZand F F 
parallel toCE and (7 J* respectively, and Va parallel 
to CD. It will now be quite evident that at the 
position Va of the crank, corresponding to the given 
position CD, Va being drawn parallel to CD, the port 
in the partition is open an amount, h m, equal to KG 
the given amount; and that the expansion valve 
closes the port in the partition and cuts off the steam 
at the position VX of the crank, corresponding to 
the given position CE; and further that the expan- 
sion valve is still overlapping the port in the 
partition by an amount d I equal to nt equal to the 
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given amount OS[y at the position FF of the crank, 
corresponding to the given position OF, at which 
the main valve is found to have just closed the port 
in the cylinder. We have now to see that the lead 
is of not less than the required amount JET J, for as we 
are dealing with the expansion valve there is no 
objection to its being greater ; and indeed, in order 
that neither the required opening of the port at the 
given position of the crank, nor the lead itself, shall 
be Zesa than of the given amount, it will be fre- 
quently necessary to have the one or the other in 
excess of that amount. In the diagram before us 
(Fig. 25a) we find that the lead xeiB exactly equal 
to the given lead J? J, but assuming that it is of less 
than the given amount, we proceed as follows. Join 
Ce and produce it. From the point I draw Ig at 
right angles to COy cutting the line Ce, produced, 
in the point/; from this point set oSfg equal to fC,^ 
and from the points C and g respectively, as centres, 
with any convenient radius, describe arcs intersect- 
ing at any point h. Join fh, cutting the line N8 
in a point, which in the present case happens to be 
F, but on the assumption that the lead x eis of less 
than the given amount HI, would be more remote 
from the point C than is the point F. Taking then 
this new point of intersection for the centre of our 
crank shaft, we get a leskd equal to the given lead, 
whatever it may be, but we get at the same time a 
greater travel for our expansion valve, a greater lap 
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for the Talve itself, and, at tlie given position Va of 
the cranky an opening of the port greater than h m, 
the given amount of opening, which is not however 
of any disadvantage. We now combine the diagram 
for the main vfidve with that for the expansion 
valve; when we can, as before, at once obtain all 
the particulars referring to the distribution of the 
steam. 
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